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Just before this issue went to press we heard the 
sad news of Sir Patrick Moore's passing. We feel 
very privileged that we were recently able to 
interview someone who did so much to inspire 
a love of astronomy in numerous generations 
and would like to dedicate this issue of All About 
Space to his memory. He'll be very much missed. 

With anew year often comes new optimism 
and for the past few weeks the All About Space 
team have been talking about the exciting 
developments in the spheres of space science 
and exploration that we hope to see taking place 
over the next 12 months or so. As discussions 
progressed we realised that we actually had the 
making of an excellent feature, so this issue we've 
dedicated 12 pages to previewing what lies ahead 
in 2013; taking a good look at the private space 
race, the race to the Moon and the race to reach 
Mars and beyond. Take a look on page 16 and let 
us know what you think of our selections via 
Twitter and Facebook. 

In regards to space science, the human race 
is discovering new planets all the time and we 
thought it might be interesting to share our 
favourite 10 with you. To think that we only 
recently started to find hundreds of other worlds 
can only mean that there’s even more amazing 
discoveries on the way, once more sophisticated 
telescopes like the JWST become operational in 
the future. Exciting times ahead! 





"We all learned stronomy icone 
Patrick Moore, we learned that kind 


of thirst and joy for knowledge that 
NE eee he had and shared with everybody" 
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‘Bridge ee 
between * 
galaxies oe 


The Planck space observatory 
has discovered a bridge of hot 
gas that connects two galaxy s *s . J 
clusters called Abell 399 (lower 
centre) and Abell 401 (top left). 
This huge, intergalactic gas 
bridge is approximately 10 million 
ae ecled olsen Reco aae 
one billion light years from Earth. 
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» Mercury's 
smiling crater 


The central peaks of this crater on Mercury have 

formed to give the impression that it's smiling for 

the cameras aboard the Messenger spacecraft. 

Messenger is the first spacecraft to orbit the 

closest planet to the Sun and is equipped with 

seven instruments for scientific study. x 
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This stellar phantom is some 1,400 — 
light years away from Earth, lying 
along the northern Milky Way in 
the constellation of Cepheus. The 
ghostly apparition is in fact a very 
faint reflection nebula called VdB 
- 152. Patches of interstellar dust in the 
region block or scatter the light from 
background stars to give parts of the 
ate) FRc cP) 
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Hubble 
nbieron ele 


A flashback to 1993 via this iconic 
Space Shuttle image that shows 
astronaut F. Story Musgrave fixed to 
the shuttle’s robotic arm and Jeffrey 
A. Hoffman inside the orbiter's 
payload bay. This was taken during 
the fifth and final spacewalk needed 
to correct an optics failure that 
dogged the Hubble's performance. 







One giant gs 
eee sou - 
ane lal aisle me 
BUM esse ae) CM ane Mle 
‘bite’ taken from Martian 
soil in October 2012. The 
Kee Mee 

of this scoop found a 
complex chemistry within 
the soil. Water and sulphur 
and chlorine-containing 
substances, among other 
ingredients, showed up in 
samples that Curiosity's arm 


delivered to an analytical 
laboratory inside the rover. 
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Voyager on the highway 
to interstellar space 


Voyager 1 finds new magnetic region 
at the edge of the Solar System 


The final leg of the journey before 
reaching interstellar space has been 
hit by NASA's Voyager 1 spacecraft as 
it entered, what scientists believe, is 
a new region that separates the outer 
reaches of our Solar System from the 
unexplored cosmos. 

The area, which the Voyager 
team have described as a “magnetic 
highway for charged particles” is 
thought to rest within our Solar 
System, inside the bubble boundary of 
charged particles that our Sun blows 
around our solar neighbourhood, 
called the heliosphere. Before reaching 
this region, the particles bounced 
around in a haywire fashion, trapped 
within the Sun-made barrier. 
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“Voyager 1 continues to observe the 
spiral magnetic field from the Sun,” 
says Project Scientist of the spacecraft, 
Edward Stone who divides his time 
between the California Institute of 
Technology and NASA‘s Jet Propulsion 
Laboratory. “Since August 25 2012, 
that field appears to be well connected 
to interstellar space because all of 
the energetic ions from inside have 
escaped and cosmic rays from outside 
have streamed inside.” Stone reasons 
that since these solar field lines are 
well connected to the outside, they 
are most likely to be the outermost 
layer of the Sun's heliosphere where 
they can contain and connect to the 
interstellar magnetic field. 





Magnetic field that allows 
cosmic rays to stream inside” 


Edward Stone, Voyager Project Scientist 





As Stone and his team were not 
expecting such results, they have 
come to expect the unexpected 
from the spacecraft and whatever 
it encounters. “We expected that 
Voyager 1 would have to be outside 
the heliosphere in order to observe 
the peak intensity of cosmic rays 
outside,” says Stone. “Instead, Voyager 
discovered a boundary layer of solar 
magnetic field that allows the cosmic 
rays to stream inside.” 

However, while initial thoughts have 
not come to fruition, the team are still 
hedging bets on what we can expect 
when the spacecraft smashes through 


‘A “magnetic highway for 
charged particles" is thought to 
rest within our Solar System’ 
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the region and out into interstellar 
Space with the stream of particles 
losing their way, choosing an alternate 
route. “Outside there is an interstellar 
cloud created by the explosion of 
massive stars five to twenty million 
years ago,” Stone tells All About 
Space. “The galactic magnetic field 
has been swept up by the cloud and 
drapes over the outer surface of the 
heliospheric bubble. Low frequency 
radio waves (2 to 3 kilohertz) are 
generated in local interstellar space 
and there are low speed cosmic 

rays that were accelerated by the 
explosions of the supernovae.” @ 
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Mercury's forever shadowed north polar region (Shown in 


red) is splattered with regions of ice (Shown in yellow) 


More evidence for 


Water ice on Mercury 


MESSENGER reveals hydrogen-rich 
layers on Mercury's surface 


Further evidence for the existence 
of water ice on Mercury have 
been communicated by NASA‘s 
MESSENGER spacecraft. 

Close to a source of searing heat 
- our star - Mercury seems to be an 
unlikely haven for liquid water, let 
alone ice. However with a rotational 
axis devoid of any tilt, pockets at the 
planet's north pole never see the light 
of day and are enshrouded in darkness 
at subzero temperatures. It is in these 
permanently shadowed regions that 
hydrogen-rich layers more than ten 
centimetres thick were uncovered by 
MESSENGER's Neutron Spectrometer. 

“The technique used to measure 
hydrogen concentrations at Mercury's 
north pole is planetary neutron 
spectroscopy,” David Lawrence, a 
MESSENGER Participating Scientist, 
from the Johns Hopkins University 
Applied Physics Laboratory, tells All 
About Space. “With this technique, 
we measure neutrons that come off 
Mercury's surface. 
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“When the neutrons hit hydrogen 
atoms, they stop very quickly and 
very few of them make it to orbit,” 
Lawrence continues. “Thus, the 
signature of enhanced hydrogen is a 
decrease in the number of neutrons 
when we fly over a location with 
enhanced hydrogen concentrations.” 
In addition to this, MESSENGER's 
topographic measurements have led 
to the construction of temperature 
models to be constructed, which prove 
that temperatures in some craters 
are cold enough to keep ice stable. 
In some selected regions, Lawrence 
and his team found that brighter 
regions on Mercury's rocky surface 
corresponded to water ice. Lawrence 
also cites a giant comet impact 50 
million years ago a possible cause 
of ice. “Ice within the comet [may 
have become] distributed all over 
the surface,” he says. “Most of this 
ice burned off, but some of the water 
molecules bounced to the cold polar 
craters where it is then stable.” @ 


NASA has strongly hinted 
towards a new mission to Mars 
in 2020. The new robotic science 
rover will follow in the footsteps 
of the Mars Science Laboratory 
(MSL), which developed and 
designed the Curiosity rover. 
Using the 2012-launched 
mission's architecture as a 
model, NASA says that using 
the blueprints of the successful 
mission will keep the costs 
down. “The final cost is likely 

to be around $1.5 billion,” Scott 
Hubbard of the Department of 
Aeronautics and Astronautics at 
Stanford University, California, 
tells All About Space. 

Hubbard says the new 
addition to the Mars Exploration 
Program will feature a caching 
function which will take samples 
of the martian soil for later 
return to Earth. “This mission 
concept fits within the current 
and projected Mars exploration 
budget, builds on the exciting 
discoveries of Curiosity and 
takes advantage of a favourable 
launch opportunity,” concludes 
John Grunsfield, the associate 
administrator for NASA's Science 
Mission Directorate at NASA 
Headquarters in Washington. @ 
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The design of the 2020 mission 


is tipped to be similar to the MSL, 
pictured in this artist's impression 








Wwww.spaceanswers.com 


GRAIL probes 
slammed into 
the Moon 


NASA‘s twin gravity-mapping 
Grail probes, known as “Ebb” and 
“Flow” were purposefully crashed 
into the surface of the Moon on 17 
December, after completing their 
year-long mission to study lunar 
gravity and having run out of fuel. 


China flies by 
asteroid 


China's repurposed Chang’e 2 
lunar orbiter, which had originally 
been used to scout out possible 
lunar landing sites, successfully 
flew past the asteroid Toutatis on 
13 December 2012. It passed just 
3.2 kilometres (2 miles) from the 
surface of the asteroid. 


Exoplanet 
around nearest 
Sun-like star 


An international team of 
astronomers led by the University 
of Herfordshire in England have 
found that Tau Ceti, one of the 
closest Sun-like stars to Earth, 
may host five planets, with one of 
these very possibly in the star's 
habitable zone. 


e@ @ 

Cassini spots 

@ @ @ @ 
mini Nile river 
on Titan 
Scientists on NASA‘s Cassini 
mission spotted what appears 
to be a extraterrestrial replica of 
Earth's Nile River. The river valley 
on Saturn's moon Titan stretches 
over 320 kilometres (200 miles) 
from its head to a large sea. 
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volunteers 
for one-way 
ticket to Mars 


One thousand volunteers have put 
themselves forward for a one-way 
trip to Mars by the Dutch Mars One 
organisation, which aims to land 
four astronauts on the red planet by 
2023, with another four following up 
every subsequent two years. 

The ambitious plan is being 
backed by Nobel prize-winning 
physicist Gerard ‘t Hooft and is the 
brainchild of Dutch entrepreneur 
Bas Lansdorp. “Mars One will 
organise a mission of permanent 
settlement,” says Lansdorp. 

The idea is to construct a 
habitable outpost with room to grow 
food, recycle water and oxygen, 
as well as to conduct science. 

With current technology unable 

to provide what's needed for the 
project to work, it remains to be 
seen whether Lansdorp's goals can 
be achieved within 10 years. @ 


“Mars One. 
will organise 
a mission of 
permanent 
settlement” 


Bas Lansdorp, 
Dutch entrepreneur 
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Search for life reveals 
solar systems more — 
habitable than ours 


Thorium and uranium warms alien earths 


‘Alien earths may be kept warmer 
than our planet thanks to an 
abundance of radioactive thorium 
and uranium, finds a new study of 
eight nearby Sun-like stars. The extra 
heat produced by the radioactive 
decay of these elements help drive 
plate tectonics that make a planet 
more habitable. 

Astronomers from Ohio State 
University used spectra of the stars 
taken by the high Accuracy Radial 
Velocity Planet Searcher (HARPS) at 
the European Southern Observatory 
in Chile to determine the elemental 
composition of these stars, finding 
that they possessed more thorium 
and uranium than our own Sun. 

MO AcIOLW EON Ao cIBALSIBLECMUO MUNCIE ETE 
photosphere absorb very specific 
wavelengths of photons which create 
a slight dip in the light curve we 
observe through a spectrograph at 

a telescope,” says Ohio's Cayman 
Unterborn. "If we plot intensity of 


Sputnik 1 re-enters 


The first manmade satellite to orbit the Earth, the Soviet 
Union's Sputnik 1, re-entered the Earth's atmosphere on 
this date 55 years ago in 1958. It launched 4 October 1957. 


light versus the wavelength of light, 
you'll see a lot of dips which we can 
match up to just about every element 
in the periodic table.” 

Because planets are made from 
the same material as their stars, they 
will contain the same elemental 
abundances, and so a star with more 
datoyaienanm-lalemeneclevielne my s0lmalecie 
planets that also have an excess 
oyna laciomnetlcoerl Me sields maple 
experience radioactive decay, which 
emits heat that, on a rocky planet, 
can allow water to be liquid. Water 
then lubricates the movement of 
tectonic plates on a planet's crust. 
These plates are essential for life 


because they regulate the Pinte let a 
of carbon dioxide, which is a 
greenhouse gas, in the atmosphere. 
“Thorium has a half life of 14 billion 
years. If you have a lot of thorium 
you can create a planet that is hot 
for a much longer time period than 
if you had a comparable amount of, 
Say, potassium,” says Unterborn. 
Therefore warmer planets allow 
the habitable zone to become wider 
around a Star, increasing the number 
of places where we might expect 
to find life. If more stars have an 
abundance of thorium or uranium 
then there's more chance of finding a 
habitable planet around them. @ 


“Warmer planets widen the 
habitable zone around a 
Star, increasing where we 
might expect to find life" 
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End of Pioneer 10 


NASA's Pioneer 10 spacecraft launched in 1972 to 
explore Jupiter and the outer Solar System. It sent 


its last signal to Earth 10 years ago today. 
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Scientists are seeking volunteers 
to find clusters.in our galactic next 
“door neighbour, Andromeda 
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J oin the search for star clusters 





in the Andromeda galaxy 


New citizen science project aims to discover the history of 
Star formation in the nearest large galaxy to the Milky Way 


The Zooniverse has a new string to 
its bow as it tasks citizen scientists to 
seek out star clusters hidden within 
the Hubble Space Telescope images of 
the Andromeda galaxy. 

The Andromeda Project is the 
latest in a long line of opportunities 
to encourage the public to contribute 
to science by analysing data and 
recognising patterns that computer 
software is unable to. Galaxy Zoo was 
the first such project to be launched 
in 2007 and has given its name to 
this type of crowdsourcing. So far 
astronomers have found 600 star 
clusters in the Andromeda galaxy 
but estimates that there is another 
1,900 still to be found. To assist in 
the search, the researchers are asking 
volunteers to study 10,000 images, 
each one a segment of Andromeda 


EBRUARY 
FULL QUARTER 
MOON MOON 
Columbia disaster 


Ten years ago on 1 February 2003, Space Shuttle 
Columbia disintegrated during re-entry. The seven 
members of the crew were lost over western Texas. 
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725 by 500 pixels in size, to identify 
and mark concentrations of stars that 
may be star clusters. Volunteers will 
also be asked to say whether the star 
clusters are young or old based upon 
the colour of their stars. 

“Star clusters are groups of stars 
with a shared age. Because of this, 
their ages can be measured much 
more accurately than the age of other 









individual stars in Andromeda,” says 
Anil Seth of the University of Utah 
who is helping to launch the project. 
“This means clusters can help us 
identify where and when stars formed 
in Andromeda.” 

If you would like to take part in the 
Andromeda Project, you can log on 
and try it out for yourself at 
www.andromedaproject.org. @ 


“This means 
® clusters can help us 
ere identify where and 
“> ~—Ss when Stars formed 
ie in Andromeda’ 


Anil Seth, University of Utah 


Longest Earth 


observation mission 

An Atlas V rocket will launch the Landsat Data 
Continuity mission for NASA. These spacecraft are 
the longest serving Earth observation satellites. 





*All dates are subject to change 



















— 
Space Shut 


time-lapse 


Log on to watch an incredible 
time-lapse video of Space Shuttle 
Endeavour making its way 
through LA. 


The frontier is 


everywhere 


This beautiful unofficial NASA 


promo, narrated by Carl Sagan, is 
a great video of why we should 
explore space. 





Stephen 
Hawking on 
alien life 


Professor Hawking explains why 
encountering intelligent alien life 
could be the end of humanity. 
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Space Race 2013 


From space planes in 
Earth orbit to rovers on 
the surface of the Moon, 
find out how the next 
12 months will kickstart 
the greatest era of space 
exploration ever 


The development of new and exciting spacecraft 

can often be compared to the construction of more 
Earth-bound vehicles. Cars, planes, boats and the like 
all undergo years of testing and performance reviews 
before the finished product is revealed to gasps of 
amazement, if it is deserving of such praise. 

Much like the construction of Earth vehicles, 
though, the space industry is susceptible to delays for 
any number of reasons, be it a lack of funding or a 
Safety issue that needs to be resolved. Following the 
development of spacecraft can at times be frustrating 
as we Wait month after month for the next amazing 
vehicle that will take cargo or humans beyond the 
confines of Earth and into the final frontier, only for a 
launch or test flight to be pushed back yet again. 

But the wait doesn't have to be so painstakingly 
tortuous. Peer behind the curtains of some of the 
world's largest aerospace and space exploration 
companies and you'll find they're not just sat still 
twiddling their thumbs but, rather, perfecting the 
design of their vehicle that will ensure that, when it 
is unveiled to the public and flies for the first time, it 
will indeed be greeted by gasps of amazement. 

The space industry itself is one that is growing 
and growing, and it will only continue to do so for 
the foreseeable future. Where once space exploration 
was the folly only of national agencies, now private 
companies are proving that they, too, are capable of 
feats of incredible endeavour. From futuristic space 
planes that will take paying customers into the 
cosmos, to high-tech cargo vessels that can resupply 
the International Space Station, and even to rovers on 
the surface of the Moon, the privatisation of space is 
leading to an exciting era that could well see space 
travel become a multi-billion dollar industry in the 
not-too-distant future. 

That’s not downplaying the achievements of 
national space agencies, though. Work is well 
underway around the world to build the next 
generation of amazing spacecraft that will take us 
not only into Earth orbit, but back to the Moon and 
beyond into deep space. Manned exploration is the 
ultimate goal, and dream, of many a national space 
agency, and indeed the public at large often clamour 
to see what spacecraft will be the next to take their 
national heroes into orbit. 

So, with all that in mind, we've highlighted 
some of the key areas of space exploration that are 
set to whet your appetite throughout 2013. The 
development of a new era of amazing spacecraft is 
already in full flow, and you can be sure to stay up 
— to date not only with this article, but also with future 
_ issues of All About Space. @ 
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Space tourism race 


In 1968 Pan American World Airways 
infamously offered people the chance 
to reserve flights to the Moon in the 
year 2000. This was during the time 
of the first great Space Race between 
the USA and Russia, when hopes for 
manned exploration were high. 
Ultimately Pan Am’s ambitions would 
prove overly optimistic; today, only a 
handful of paying tourists have made 
the trip to space, in each instance 
aboard a Russian Soyuz spacecraft 
with ticket prices in the tens of 
millions of dollars. Now, however, 
various companies around the world 
are beginning to again offer trips to 


Space, but this time their proposals 
look much more realistic. Virgin 
Galactic and XCOR are two companies 
that are well on their way to taking 
tourists on short stints to the cosmos, 
while Bigelow Aerospace’s successful 
tests of its inflatable space habitats 
mean that it could well be the first 
commercial entity to build orbiting 
space hotels (see page 64). Who's going 
to be in the best position at the end of 
2013, though? 

So far, the frontrunner appears to 
be Virgin Galactic. Although it has 
experienced numerous delays, 2013 
looks like it will finally be the year that 


this space tourism company begins 
flights into sub-orbit. XCOR’s Lynx 
space plane, meanwhile, is making 
steady progress and, if it is successful, 
it will be able to offer cheaper and 
more regular flights into space than 
Virgin Galactic. Finally Blue Origin, 
set up by Amazon.com founder Jeff 
Bezos, has already performed a test of 


its interesting Launch Abort System 
technology that ‘pushes’ the spacecraft 
to safety with rockets in the case of an 
emergency on the launchpad, rather 
than ‘pulling’ it like previous manned 
launch systems. Known as New 
Shephard, Blue Origin's spacecraft will 
launch straight upwards to offer sub- 
orbital flights. @ 


‘If youre going to go to Disney 
Land, youre going to goona 
number of rides, not just one" 


Bryan Campen, XCOR 


SpaceShipTwo, the plane tha 
will launch space tourism 


Company: Virgin Galactic 
Ticket: $200,000 

Virgin Galactic has long been seen as 
the company most likely to kickstart 
the space tourism industry with its 
futuristic spaceplane. Over 500 people 
have reportedly bought a $200,000 
(£125,000) ticket for the brief 

flight into space, where passengers 
will experience fantastic views of 
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the Earth and several minutes of 
weightlessness before a spacecraft, 
known as SpaceShipTwo, employs 

its revolutionary feathered re-entry 
mechanism to return to Earth. Virgin 
Galactic has completed many tests, 
and the first flight (with founder Sir 
Richard Branson and his two eldest 
children aboard) is expected to launch 
in late 2013 or early 2014. 


SpaceShipTwo has already 
completed several key tests 


Virgin Galactic will fly from 
Spaceport America in New Mexico 
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Company: XCOR 
Ticket: $95,000 
Somewhat of a dark horse in the 
race to take tourists into space is 
XCOR's little-known Lynx space 
plane. It hasn't had the same level 
of publicity as Virgin Galactic, but 
XCOR has quietly and steadily been 
building this two-seater vehicle and 
it's very possible we could be seeing 
it take flight in 2013. Parting with 
$95,000 (£60,000) will bag you a 
flight into space, and later versions 
of the spacecraft will also be able 

to deploy commercial payloads 

into orbit. Unlike Virgin Galactic’s 
SpaceShipTwo, Lynx has no carrier 
aircraft, instead taking off and 
landing on a conventional runway 
all by itself. 

XCOR founder Jeff Greason 
stands with Lynx equipment 
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pilot and a passenger will 
be able to ride aboard Lynx 
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Company: Blue Origin 

Ticket: Unknown 

Founded in 2000, Blue Origin is a 
beneficiary of NASA's Commercial 
Crew Development (CCDev) Space 

Act Agreement. Back in 2005 the 
company announced that it was 
building a vertical take-off and landing 
sub-orbital spacecraft known as New 
Shephard that would be able to take 
at least three astronauts to the edge of 
space before returning to Earth. New 
Shephard is a single vehicle that uses 
its own rockets to launch and land 


_ an eed 


Blue Origin has carried out 
some key tests so far 
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The unique New Shephard | 


in one piece. Development on such 

a spacecraft actually began in the 
Nineties with the McDonnel Douglas 
DCX, which eventually transferred 

to NASA and upgraded to the DC-XA 
before being scrapped at the end of 
the decade. Many of the engineers 
from the original project switched to 
Blue Origin and are now hard at work 
on New Shephard. It successfully 
performed a demonstration of a 
‘pusher’ Launch Abort System in 2012, 
and further developments will be 
carried out in 2013. 
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Bryan 
Campen 


XCOR's Director of Media and 
Public Relations tells us what 
we can expect from Lynx in the 
coming year. 


What's happening in 2013? 

XCOR expects to begin its flight test 
program in early 2013. Test flights 
include everything from taxi tests 

to short runway hops to suborbital 
flights. While we do not give 

dates, we are looking at test flights 
throughout 2013 with the possibility 
for commercial flights beginning end 
of 2013 or early 2014. 


Can you tell us how far through 
development Lynx is? 

All our subsystems are in 
development and out to 
subcontractors, and all parts are 
clicking together on the hangar floor 
in Mojave. 


What will the first flights of 

Lynx entail? 

Well, they'll probably have a pilot 
and engineer on board, and [after the 
early tests] we'll do some high flights 
up to 60,000 feet. 


How do you think Lynx compares 
to other manned space planes like 
Virgin Galactic? 

XCOR is one pilot and one 
participant. You are with the pilot in 
the front, and have an unobstructed 
view of space from the cockpit. That 
is far different from any other offering 
currently. XCOR takes offlike a jet 
and glides back to earth like the 
Space Shuttle. 


Is it important who takes the first 
paying customer to space? 

There's a lot of room for everyone. 
The metaphor I like is if you're going 
to go to Disney Land, you're going to 
go on anumber of rides, not just one. 
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Corporate space race 


Resupplying the International 

Space Station is imperative to the 

continued growth of the space 

industry. Companies need to prove 

they are able to launch and dock their 

spacecraft in Earth orbit. 

SpaceX continues to lead the way 

with its Dragon capsule, which has 

two successful flights under its belt 


and is expected to accomplish more — 


this year. It eventually wants to use 
Dragon to take astronauts into space, 
whether it's to the ISS or even beyond, 
SO proving its capabilities is incredibly 
important to the company. 

Sierra Nevada Corporation's Dream 
Chaser, meanwhile, is seen by many 


SpacexX's 
Dragon 


Company: SpaceX 
Founded: 2002 
SUnComate mS) aNelCoR@e ele la mre Vs 
launch and dock its own spacecraft, 
the Dragon capsule, with the 
International Space Station, SpaceX 
is well on its way to cementing itself 
mols loMolm a acm en Ce)-jmpba eye Le late balms) ehYelKa 
pyle @0)8 8] BY- TBH LIoMR@rO)SINTBLULcLemADHNLODRNTS 
from NASA to build and operate 

the Dragon cargo spacecraft, due to 
launch twice more in 2013, and to 
develop a manned version to fly in 

a few years, has allowed SpaceX to 
continue its pioneering work. 
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__as being the spiritual successor to 


the Space Shuttle. Launching atop a 
rocket before gliding back to Earth, — 
it could well become the first private 
vehicle that is able to take astronauts 
to and from the ISS if it sticks to 

its targets. Boeing, meanwhile has 
years of experience and is intent on 
getting the CST-100 flying soon with 
astronauts aboard. 

Finally, the highly successful rocket 
firm Orbital Sciences has proven itself 
over the years as capable of launching 
satellites into Earth orbit. It's thought 
2013 will be the year that its much 


delayed unmanned Cygnus spacecraft 


reaches the ISS. ® 
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_ Boeing has been 
testing the CST-100 




















a 


Oe ton ee 
like CST-100 


Company: Boeing 

Founded: 1916 

The CST-100 is Boeing's attempt to 
take humans into space. Like SpaceX’s 
Dragon and SNC’s Dream Chaser, it 

is part of NASA's Commercial Crew 
Development programme. It will take 
up to seven astronauts to the ISS, but 
it is also intended to take astronauts 
to other space stations in Earth orbit. 
The Apollo-shaped capsule could 

be launched on a number of rockets 
including the Delta IV and Falcon 9. 
Construction and development on the 
CST-100 will continue in 2013. 
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"Sierra Nevada Corporation's Dream Chaser, Space Race 2013 
meanwhile, is seen by many as being the 
Spiritual successor to the Space Shuttle” 


Roth 


Sierra Nevada Corporation's 

Space Systems Vice President of 
Business Development answers 
our questions on Dream Chaser. 


What will the Dream Chaser be 
doing in 2013? 
The program will complete a 
series of uncrewed approach and 
landing tests during the first two 
quarters of 2013, similar to the 
tests that NASA conducted on 

, the Space Shuttle prior to its first 
launch [in 198]]. 





How far through development 
is the Dream Chaser? 

We completed the Preliminary 
Design Review of the integrated 
Space system in May 2012, and 
in October we completed an 
Integrated System Baseline 
Review of the progress. 
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When will it launch into space? 
The first uncrewed orbital flight 
test of the Dream Chaser will be 


gee ll Chaser, wl the in 2016 or 2017, based on NASA 
footsteps of the Shuttle he 
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(oy) ela Le aeyitel Company: Sierra Nevada Corporation Founded: 1963 How does the Dream Chaser 

Sciences Corporation Aerospace company Sierra Nevada Corporation (SNC) now finds itself as one of compare to other manned 

Founded: 1982 the major beneficiaries of NASA funding, but much of its success will depend on space planes? 

Orbital has built and launched the progress made with the Dream Chaser. The vehicle, which has been designed The Dream Chaser can remain 

nearly 600 rockets since 1982 but from the start as a manned spacecraft, will launch exposed atop an Atlas V rocket in orbit to meet a variety of free 
flying missions as well as docking 


its next goal is to fly the unmanned before gliding back to Earth at the end of its orbital mission. 
Cygnus cargo spacecraft aboard its Ay 
Antares rocket to resupply the ISS. 
Cygnus was due to launch in 2012 

as a competitor to SpaceX’s Dragon 
capsule, but delays have seen the first 
launch pushed back to 2013. Unlike re 
Dragon, Cygnus is unable to return 
equipment from the ISS, instead 
olthestinlcmble Ree mCon one a A 


to the ISS as a crew retum 
vehicle. Both Virgin Galactic’s 
SpaceShipTwo and XCOR's 
Lynx are designed as sub-orbital 
vehicles that will launch to high 
altitude then return within a 
short time. 

What is it that makes the 
Dream Chaser unique from 
other ISS-capable spacecraft? 
The Dream Chaser is the only 
lifting body vehicle similar to 
the Space Shuttle that returns to 
a runway landing. All the other 
vehicles for crew and cargo are 
Apollo-style capsules. 
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Race 


The last soft landing on the Moon was 
an unmanned Soviet spacecraft called 


Luna 24 in 1976. 
Since then there have been several 
proposals to return at least a robotic 


probe to the lunar surface, but nothing 
has materialised. Now, it looks as if at 
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to the Moon 


least one lunar landing will occur in 
2013, with possibly more to come in 
esac lace Nikole 


China's Chang’e 3 lunar exploration 


mission is expected to launch in late 
2013, ushering in the second phase 
of the Chinese Lunar Exploration 
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Program. Meanwhile, several 
prominent contenders in the Google 
Lunar X PRIZE are busy testing out 
some of the key technologies they 
will need to use to land a rover on 
the lunar surface, although the first 
probably won't launch until 2015. @ 
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Alex Hall 


The Senior Director at the Google 
Lunar X PRIZE (GLXP) tells us all 
about the competition . 


What is the Google Lunar X PRIZE? 
The GLXP is a $30m competition for 
the first privately funded team to land 
a spacecraft on the Moon, send back 
images, video and data, move half a 


video and data. The first team to do this 


kilometre and send back further images, 


AE ir Moon. The total weight of uate ro Vale ceca 


wins the $20m first prize. There is 

also a $5m second prize and $5m in 
bonus prizes for things like surviving 
the lunar night and finding water on 
the Moon. 

What can we expect in 2013? 

We expect an overall maturation of 

the technology of a number of teams 

as they progress towards target launch 
dates in 2014 and 2015. Some teams will 
complete hardware tests like propulsion 
tests, drop tests and rover terrain tests. 


e costs for future 


_ exploration" 


Alex Hall, GLXP 





Teams will also be firming up how they 
communicate with their spacecraft, 
because some aspects of this process 
can be lengthy and we expect more 
teams to announce agreements with 
launch providers. 

Can we tell who is in the lead? 

We are looking at making an impartial 
‘leaderboard’ mechanism at present 
that would allow the public to more 
easily determine who is ‘in the lead’. As 
a rule of thumb though, teams that have 
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"Tt looks as if at least one — 
lunar landing will occur in 
| 2013, with more to come” 


The Part-Time | ) 
Scientists | 
This German GLXP team : | 
want to land its innovative 

small Moon rover at the 

lunar equator before the 

end of 2015. 


ae 


Gali 
By the time the GLXP teams 
get to the Moon, it's likely 
dat) Galleri Mare \V(eW- liner [eh'7 
landed a probe there. 


lunar 
hopper aims for 2015... 


Company: GLXP 
~ Launch: 2015 a 


Cate) aCe 


| » Moon Express is one of the competitors that is showing some 

= a real promise. In June 2011 it flew a prototype lunar lander system 

" Ra. called the Lander Test Vehicle, in partnership with NASA. In the 
fall of 2013 Moon Express will stage a public demonstration of its 
revolutionary lunar hopper, which will ‘jump’ across.the Moon, with 
a view to landing on the Moon in early 2015. 


~ Moon Express carried out a 
hopper test with NASA’s help 


launch contracts in place or have posted 
videos of their hardware testing are 
likely to rank highly. By this criteria, we 
have several international and several 
US teams that are significant players. 


‘Government Landing’ has occurred, 
this is not completely automatic. 


the new capabilities that are developed 
for GLXP are built up for future access to 
the Moon and utilising of its resources. 
In what ways will the GLXP benefit 
space exploration? 

The three primary goals for GLXP are 

to kickstart anew commercial space 
industry around lunar exploration, 

drive new technological and scientific 
breakthroughs and inspire the next 
generation of explorers, scientists and 
engineers. GLXP aims to drastically 
reduce the costs for future exploration as 


Can you tell us if there are plans for 
another space themed X PRIZE once 
GLXP is completed? 

The X PRIZE Foundation has many 

X PRIZES, and there are a number of 
ideas currently being looked at, but at 
this time there are no concrete plans for 
exactly what the next space related X 
PRIZE might be. 


Will any of your teams beat China to 
the Moon? 

At present there is no team witha 
launch date prior to the current launch 
date of China's Chang’e 3 spacecraft. 
While the Prize rules do provide for the 
main prize purse to be reduced after a 
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will he first 
to the Moon 


Nation: China 

Launch: 2013 

China has been making 
headway in its unmanned 
progress in space alongside 

its manned exploration 
programme. In 2007 its lunar 
spacecraft Chang’e 1 successfully 
entered orbit around the Moon, 
while its Chang’e 2 orbiter and 
impactor arrived at our natural 
Satellite in October 2010. Its next 
mission will be the Chang’e 3 
lunar exploration mission in late 
2013, which will include China’s 
first lunar rover. In development 
for a little over ten years, the 1.5 
metres (5 feet) high rover will 
transmit video in real time from 
the lunar surface, and analyse 
soil samples it digs from the 
ground. Its landing site, Sinus 
Iridum, is an interesting plain 

of basaltic lava in the Moon's 
northern hemisphere. It is also 
intended to be a precursor to 
further unmanned missions, 
including a sample return 
mission in 2017. These may 

all precede a manned lunar 
landing, which is expected to 
occur by 2025 at the earliest, 
depending on the progress 
China makes with its manned 
programme in Earth orbit. 





Scientists working on 
the Chang’e 3 rover 
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llr,lU aa 
So far we've covered space tourism, agencies seemingly capable of taking deep space exploration, though. Russia, continuing to make steady progress 
missions to the ISS and unmanned crews into low-Earth orbit increased who has flown crews into orbit aboard in manned Earth orbit. The country 
lunar landings. But the area of space the notion that the time for taking its Soyuz spacecraft for decades, now has made it clear that, like NASA and 
exploration that really garners the humans into deep space was now. appears to be warming to the idea Russia, they want to return to the 
most interest is the journey into the Not since Apollo 17 in 1972 have of taking its own countrymen to the Moon and, maybe one day, explore 
unknown: deep space. humans left Earth orbit so it seems lunar surface. China, meanwhile, is deep space. @ 

When NASA retired the Space fitting, if arguably overdue, that 2012 Tn ° °° 

Shuttle in 2011 many saw it as a Saw significant steps made to once 2 QO]? SadW significant steps CO 
backward step, but NASA knew it was again expand our presence in space 
a necessary loss to take humans where beyond the confines of the Earth. expand OUT presence beyond 
many thought they would already be - It’s not only NASA that has 


: " 
the Moon. The arrival of private space recognised the importance of manned the cont Wes of Earth 
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The next-generation Soyuz 


the yt P spacecraft is intended for flights 
MA po fe to the Moon and beyond. 


Tey 


itarb4yteyt bend > 


China 

Ghina has made it clear that lunar 
exploration, both unmanned and 
manned, is one of its primary goals. 







Russia sets sights 
beyond Earth orbit 


Nation: Russia 
Spacecraft: Advanced Crew Vessel 

The Soyuz capsule has been a mainstay of 

| manned space exploration for the last few 

decades, taking astronauts not only to the ISS 
but also to the Mir space station. Now, Russia is considering 
upgrading this long-serving vehicle to include capabilities to 
take it beyond Earth orbit and possibly to the Moon. Known 
as the Advanced Crew Vessel (ACV), this new vehicle will be 
able to take up to six astronauts into space. Although initially 
intended to take crew to destinations in Earth orbit like the 
ISS, it will eventually be used to take astronauts on long 
duration missions to the Moon and beyond. It is expected to 
complete its first test flight in 2018, while the coming year will i Ne, 
see various proposals and developments for this vehicle's on ~ e Soyuz has been in 
board technology, as well as its ultimate goals, decided. ce service for decades 
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- The Orion capsule can 
reinvigorate NASA 






Can NASA reign 

@ 
once again? 
Nation: USA 
Spacecraft: Orion 
erat The retirement of the Space Shuttle in 
2011 left NASA without a vehicle to take 
astronauts to space for the first time in three 
decades. The Orion capsule will bring back that capability, 
and also allow the world's primary space agency to take 
astronauts back to the Moon and on to new destinations. 
In development by Lockheed Martin, Orion is set to 
herald a new era of space exploration and could see the 
USA reassert itself as pioneers of manned spaceflight. An 
unmanned test flight aboard a Delta IV Heavy rocket was 
originally pencilled in for the end of 2013, but this has been 
pushed back to September 2014. 


“Our development goal this year is to 


be'complete and ready for a launch 
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USA @ 
The Orion spacecraft will 
travel beyond the Moon to 
asteroids and Mars. 


China looks to 
dominate space 


Nation: China 
Spacecraft: Shenzhou i 
China's progress over the last decade has § 
been impressive. Unmanned launches 
were the precursor to numerous 
manned missions that have included rendezvous 
in orbit and the launch of a small space station. The 
next step is to continue to demonstrate that it can 
regularly and safely take astronauts into space, and 
ultimately to a larger space station that China intends 
to build by 2020. China has also made no secret of its 
desire to take its own astronauts (called taikonauts) 
to the Moon, which it expects to do at some point in 
the next decade. In 2013 its Shenzhou spacecraft will 
again launch into Earth orbit with three crewmembers 
to visit China's orbiting Tiangong-1 space lab module. 
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Shenzhou and Soyuz 
are quite similar = 
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We spoke to NASA’s assistant 
manager for strategy integration 


on the Orion spacecraft about 
what we can expect in 2013. 






What's your plan for Orion's 
development in 2013? 

We're focusing on our first orbital 
flight test beyond LEO in 2014, 
and that’s really our main focus 
for this coming year. 


What will the test entail? 

This flight test is a two-orbit 
unmanned test with a very high 
apogee that gets us out a little over 
3,000 miles [4,800 kilometres]. It 
gives us a high-energy return to 
demonstrate the heat shield, the 
tiles on the back, and other things. 


What stage are you at now? 
We're well into the development 
of the spacecraft, and we have the 
primary structure for the crew 
module fully manufactured at 
this point. 


Where will you be by the end 
of 2013? 

Our development goal this year 
is to be complete and ready for a 
launch [by December 2013], even 
though the formal launch stage 
isn't until September 2014. In 
order to keep resources flowing in 
the right direction, it’s important 
that we finish this spacecraft this 
coming year. 


What would you say is Orion's 
ultimate goal? 

The goal is Mars, and the moons 
of Mars. The stated goals in 
between are asteroids. But we're 
having a lot of discussions with 
international partners like Europe, 
Japan, Canada and Russia about 
other potential missions that are 
working towards exploiting lunar 
orbit and near-lunar destinations. 
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You could touch pW eloraeco bile! 
Selb iad Com aenialel cer Hage a pool in 
after re-entry 5 seconds 


Each Space Shuttle had about 30,000 tiles on their Each Shuttle orbiter used so much fuel 
belly that acted as a heat shield when the spacecraft that they could drain 12 average sized 
experienced searing heat of 1,650 °C (3,000 °F). The Swimming pools in five minutes. At 
tiles were so efficient and cooled so fast, though, that launch an entire Shuttle launch assembly 
you could hold one in your hand just minutes after they — weighed 4.5 million pounds (2 million kg), 
reached peak temperature. +s but nearly 80% of this was fuel expended 

during launch. 


Columbia - 
weighed more . 
than 13 elephants 


All of the Shuttle’s were heavy but Columbia, 

at 178,000 pounds, weighed more than about 
13.4 African Elephants at 13,200 pounds each. In 
length, each Shuttle was longer than three school 
buses, with the full launch assembly about the 
same height as the Statue of Liberty. 


















The tyres could 
support three 
jet airliners 


Although each of the Shuttle’s tyres were 
not much bigger than those on a truck, 
they could withstand the load of three 
Boeing 747s or 40 NASCAR racecars hitting 
the pavement and decelerating from 250 
mph (400 km/h). 


They travelled 
to Jupiter 


Together the five Space Shuttles travelled 
a total distance of 826.7 million kilometres 
(513.7 million miles), which is equivalent 
to a journey from Earth to Jupiter and a 
third of the way back. Every orbiter also 
travelled further than the distance from 
the Earth to the Sun, except Challenger. 
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ASTRONOMY ¢ SPORTS OPTICS ° MICROSCOPES 


@ne-touch 
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A truly revolutionary product, SkyProdigy is the culmination of decades of development 
from a world leader in telescope technology. It combines electronic motors, an 
intelligent on-board computer, a digital camera and StarSense™ technology to create 
an instant, alignment telescope that requires no input from the user. Simply turn it on, 
push a button and get ready to start star gazing — it’s that easy — and the StarProdigy’s 
automatic alignment process takes only a few minutes. Not sure what to look at? 
Select the Sky Tour option which offers an accustomised list of the best objects in the 
sky to view for your exact time and location anywhere in the world. 


For details of your nearest stockist please call Hama (UK) Ltd on 0845 230 4262 
View the full range at www.hama.co.uk/products/celestron 





FutureTech Antimatter spacecraft 
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The enormous energy generated 
by the collision of matter with 
antimatter could hold the key to 
interstellar exploration 
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This huge hollow ring 
lined with supermagnets 
would create antimatter 
to fuel the ‘craft, like high- 
energy particle colliders 
on Earth today. 


Power 

The energy produced by this 
propulsion system is 10 billion 
dante ay1 Ke) alma elKeys<=le 
and oxygen combustion used by 
today's spacecraft and rockets. 


Ignition 

When matter and antimatter is 
brought together they cancel 
(Fea Meldn= ecw Ncw] Ne meena )a mls 
directly into energy that is used 
to propel the ‘craft at close to 
the speed of light. 
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Containment field 

At the centre of the ring 
antimatter is kept within a 
nareye4a(e] (om @o) ale] ialnn(c ial mice 
which is maintained in the 
vacuum of space. 
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” Living quarters 
Since journey times 
are reduced, it 
would be feasible to 
carry human crews 
to and from nearby 
star systems as well 
MMe melee) 
Solar System. 


Protection 
The living quarters and 
equipment would have to be 
shielded against the dangerous 
and destructive gamma ray 
radiation produced by the 
antimatter drive. 


© Payload bays 
These can carry unmanned probes, 
telescopes, research equipment 
and landing craft to explore other 
planets and star systems. 


> Isolation 
The intense levels of 
radiation created by 
datoe- alan lake) mars alep 
MACetaM ONT Mele) a 
is a health hazard for 
thousands of years. 


There is believed to be just 
160 nanograms of antimatter 
in the Van Allen radiation belt 
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Antimatter spacecraft 


The good news is that colliding antimatter with 
matter can create the amount of energy and thrust 
that would enable spacecraft to visit the planets of 
the Solar System in a period of only a few weeks 
rather than years, and would open up the possibility 
of manned interstellar missions. 

The bad news is that obtaining antimatter for 
dna g o\oM emo) Ce)OLUN Oem C nem Melina eel eM Mele 
main problem is that antimatter is extremely rare. 
Antiprotons have been discovered in the Van 
Allen radiation belt that surrounds the Earth. This 
amounts to 160 nanograms (one nanogram is one 
billionth of a gram) of antimatter that could be 
collected by a plasma magnet to power antimatter 
spacecraft. It would need at least 30 nanograms of 
these antiprotons to send a ship to Mars in 45 days, 
so nearby natural supplies would not last very long. 

A more long-term solution is to create your 
own. antimatter, to do this you need an ‘atom 
smasher’, otherwise known as a high-energy particle 
collider. They consist of linear or circular tunnels 
(like the CERN’s Large Hadron Collider) lined 
with supermagnets, that send particles at close 
to light speed into a target. On hitting the target 
antiparticles are produced that can be collected by a 
magnetic field. 

The scale of the problem can be gauged by the 
fact that with today’s technology only a few short- 
lived nanograms of antimatter can be produced a 
year, so it would need a dedicated facility to produce 
antimatter for space missions. 

Assuming the production problems are overcome, 
an antimatter spaceship could be fuelled with 
pellets made of uranium with a core of deuterium 
and tritium isotopes. Beams of antiprotons would 
be fired at the pellets, resulting in the annihilation 
of the uranium that would generate enough energy 
to cause the fusion of the isotopes. The resulting 
release of vast amounts of energy are confined in a 
chamber and directed out of a nozzle to direct the 
thrust of the spacecraft, or the energy could be used 
to heat a propellant to produce the necessary thrust. 

Plasma Core drives are just about within the 
realms of possibility, but Beamed Core drives would 
eliminate the need for secondary fuel pellets and 
be much more efficient. The matter and antimatter 
would be annihilated in a magnetic nozzle and the 
resulting energy is ejected out of the engine at near 
light speed. Accelerating the spacecraft up to 40 per 
cent of the speed of light, it would make trips to the 
nearest stars a possibility. © 





Antimatter-powered spacecraft could travel to 
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The biggest space camera 


The ° 
Dulion 


pixel space camera 


The ESA‘s Gaia spacecraft is set to bring us new discoveries 


Over the last few decades we've 
seen a variety of large and amazing 
telescopes. From the Hubble Space 
Telescope to the Herschel Space 
Observatory, we've been able to 
observe our Solar System, the Milky 
Way and even the universe in 
unprecedented detail. 

Now, the ESA wants to attempt 
something new. Using the 
revolutionary Gaia spacecraft, it will 
track the motion and position of 1% 
of the 100 billion stars in our own 
galaxy. It’s a daunting prospect but 
one that could provide us with a fresh 
new insight into the formation and 
structure of the Milky Way, and also 


glean new information about asteroids, 


exoplanets and our Solar System. 
The Gaia spacecraft will fly the 

largest camera ever with a total of 

about 1,000 million pixels. This 


revolutionary piece of equipment will 
be performing wide-angle astrometry 
- the science of determining the 
position of objects in the sky - to 
complete its five-year mission. Until 
now, astrometry has largely been 
confined to Earth, and it has been 
difficult. The Sun and the Moon 
are both a nuisance for Earth-based 
astrometry, which is what makes Gaia 
So important. 

This spacecraft won't be placed 
in orbit around Earth, but flown out 
to the Sun-Earth Lagrange Point 
2, a position 1.5 million kilometres 
(930,000 miles) away in line with the 
Earth and Sun that provides a shielded 
view of the entire cosmos. “All the 
‘bad things’ the Sun, the Earth and 
the Moon, are roughly in the same 
direction,” says Gaia Project Scientist 
Timo Prusti. “So if you shield that ‘bad’ 


direction, then you are free to look the 
other side.” 

The L2 position will enable Gaia 
to use its incredible camera to make 
the largest and most precise three- 
dimension map of our galaxy. Every 
Star it observes will be accurately 
measured to determine its motion 
around the centre of the galaxy. Most 
stars gained their motion from the 
birth of the Milky Way so, by studying 
this, Gaia will enable astronomers to 
peer back in the history of the galaxy. 
Gaia will observe each of its one billion 
stars about 100 times. 

Gaia is also expected to make 
other discoveries. It “will also address 
questions concerning our own 
Solar System, extra galactic objects 
(some half a million quasars will be 
observed and several million galaxies), 
stellar astrophysics (by providing 


the distances to objects) and general 
relativity,” explains Prusti. Gaia will 
also “provide several thousand new 
planets, but the strength is in the area 
of Jupiter-like planets in five to ten 
year periods around their stars.” 

The spacecraft itself is composed of 
three main components totaling about 
two tons in launch mass. The first is 
the payload module, which provides 
support and electronics for the camera 
and also processes the raw data. The 
mechanical service module houses 
mechanical, structural and thermal 
elements that support the camera and 
the spacecraft's electronics. Finally 
the electrical service module manages 
the data and provides communication 
with Earth, amongst other tasks. 

Gaia's camera isn't like a traditional 
camera, though. “Gaia will provide 
roughly the same spatial precision 
as Hubble, but for the whole sky,” 
explains Prusti. “However, Gaia is 
only doing point sources. So you will 
not get the pretty pictures Hubble is 
providing. Gaia provides an all sky 
map with high precision positions and 
movements of objects” 

Gaia is expected to launch in 
August 2013 atop a Soyuz rocket. 
While its initial mission will last until 
2018, it could be extended. “Hardware 
and propellant is scoped nominally 
for a one year extension,” says Prusti, 
“and clearly if everything works it 
is no problem to find a science case 
to support applications for further 
extensions.” However long it lasts, 
you can be sure that Gaia's mission 
will provide some groundbreaking 
scientific discoveries that will increase 
our understanding of the Milky Way 
and its resident objects. @ 


The team from Astrium gather 
round the support panel 
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1. Service module 

Inside the service module that 

will control the functioning of 

the entire craft. 

2. Antenna support 

The Gaia Antenna Support 

Panel will point towards the 

Sun and Earth for 

its communications. 

3. Deployed 

A view of the Gaia sunshield 

during deployment testing. ) —_ 
4. Stowed ; =e om = 
Eight of the 12 faces on Gaia's , es 
sunshield will have a solar 

panel to provide power. 

5. Testing 

The Gaia Service Module is 

shown here ready for thermal 

balance and vacuum testing. 
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Until the early 1990s the only known 
planets were those in our Solar System. 
Astronomers have since identified 

more than 500 alien worlds. All About 
Space brings you the 10 most wonderful 
exoplanets discovered by humanity... so far 
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10 amazing exoplanets 
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9. HD 40307g @ —* 


Pe The best chance for a 

potentially habitable planet 

is this one, a rocky world 

VRC CR ECR Ue 
42 light years away in the * : | 
constellation Pictor. : ie pcr ; 








a 1. HD 69830b 
A super-Earth orbiting 

an orange dwarf star 42 
Apacer We ae 
constellation Puppis. 








2. HAT-P-32b @ 
Just over 1,000 light years 
from Earth in the constellation 
Andromeda, this enormous 
gas giant has swollen to twice 
the diameter of Jupiter. . 
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7. WASP-12b @ 


7? This planet, the hottest 
"s : known, is found orbiting 
2 a Sun-like star 800 light 
years away in Auriga. a 
a ‘ 
36 ' 
@ 















8 10. Omi CrB b 
Around 270 light years away, 
* this planet has a mass 1.5 times 
greater than Jupiter's and orbits 
an orange star in Corona Borealis. 


® 6. Kepler-64b , 
PMC M oy melee dala (ele 
TMM CM alec ETT) mo) 0] aCe oan 
in a four-planet system 5,000 
dpa ct- lace Vas 21 ge . 





® 3. Kepler-42d 
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8KOI-55b ® 


_ One of two planets orbiting an 


aged star that will become a 
white dwarf, 3,850 light years« 
away in Cygnus. = 





126 light years distant, Kepler- 
42d transits a red dwarf in the 
constellation Cygnus along 
with two other planets, all 
smaller than Earth. 


Leelee * 


Most exoplanets orbit a star 
just like our own Solar System. 


L 





® 5. Alpha Centauri Bb 


' The closest exoplanet is this 


super-Earth orbiting Alpha : 
Centauri B, a short hop from the © 
Solar System at 4.2 light years. 
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Biggest super-Earth 


HD 69830b 


Size: 10 times that of Earth 
Distance from Earth: 41 light years 
Type: Super-Earth 
Most like: Earth x10 
When it comes to super-Earth planets, 
you cannot get any bigger than heavy- 
weight world HD 69830b. Roughly 10 
times more massive than our home 
planet, this rocky world is arguably 
the largest exoplanet in super-Earth 
flavour that has so far been uncovered 
in our high-tech hunt for alien worlds 
around distant stars. Orbiting its 
Al light-year distant orange dwarf 
star, HD 69830, which rests in the 
constellation of Puppis, the large super- 
Earth is on a tight orbit which it can 
complete in nearly nine days. 

HD 69830b was uncovered by 
a team of scientists led by veteran 
exoplanet hunter Christophe Lovis 
back in May 2006, using the European 
Southern Observatory's HARPS 
(High Accuracy Radial velocity Planet 
Searcher) spectrograph on the 3.6 
metre La Sila telescope in the Atacama 


Bele avanielace 
A super-Earth is an exoplanet 
Vee: Mente om al 4 als) male 
S-Video oye | ml ol=)(e\ NEM R el 
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desert in Chile. The scientists also 
noticed that it is not alone around its 
star. Behind it in much more distant 
orbits are its larger companions, 

two collosal gas giants, HD 69830c 
and HD 69830d which weigh in at 
around 12 and nearly 19 Earth-masses 
respectively. It is thought that any 
world exceeding the mass limit of 

10 Earth-masses enters a category 

of its own and just like HD 69830b, 
earn their class on the basis of their 
weights. Planets like HD 6980b are 
dubbed ‘the super-Neptunes’ due to 
their masses which are similar to our 
Solar System neighbour. 

Due to its proximity to its star and 
the fact that it is out of its habitable 
zone - the distance from a star 
where it is possible for water to exist 
- chances of there being life on this 
super-Earth are really rather slim. But 
what if we were able to somehow 
move HD 69830b to a distance where 
conditions were just right? According 
to experts, super-Earths are not just 
scaled-up versions of their prototype, 
our planet, they're often presumed to 


be hostile worlds. Our home hosts a 
well defined core, mantle and crust, 
believed to have formed within its 
first 50 million years, through which 
heat is transported from the cooling 
core to the crust before bursting 

out into volcanoes. Additionally this 
convection of heat drives the plate 
tectonics that are crucial for recycling 
carbon and keeping an ideal climate. 
During their formation, super-Earths 
are not so lucky. Under the high 
temperatures and pressures within 
them, the viscosity of the rock, which 
the formation of a planetary core relies 
on, increases dramatically slowing 

the formation of the core, mantle 

and crust. And even if some internal 
structure formed within exoplanets 
like HD 69830b, the convection of heat 
would be slow. This would stop plate 
tectonics and minimise the volcanic 
activity which spews out the carbon 
dioxide that is so important for a 
planet to form an atmosphere and to 
keep it warm. Additionally, cooling of 
the core is reduced and the slowing of 
the dynamo effect snubs the presence 


of any water on the surface. The 
hostility continues as experts believe 
that the generation of a magnetic 

field is also out of the question, failing 
to hold onto any atmospheric water 
vapours as it is lost to space, and that's 
even if an atmosphere was able to be 
created in the first place. However, 
despite all of the doom and gloom, 
and obviously if HD 69830b could 
somehow move to a more comfortable 
position and have tectonic plates, 
large quantities of water found in the 
lithosphere could actually assist in 
engineering plate tectonics despite a 
weak heat flow in the interior. 

Due to tidal heating within its 
interior, planet hunters believe that 
HD 69830b could throw out heat 
which would dwarf that outputted 
by Jupiter's volcanic moon, Io, by at 
least 20 times. Could this super-Earth 
harbour the jagged forms of volcanoes 
on its surface like Jupiter's companion 
or Venus? It is certainly possible but 
at the current time with current 
technology we unfortunately cannot 
say for sure. @ 





“This rocky world is» 
arguably the largest super- 
Earth yet discovered” 
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How are 
exoplanets 
located? 


One way that scientists hunt 
down exoplanets is through a 
process known as the ‘transit 
method’. This involves repeatedly 
measuring the brightness of many 
Stars over a prolonged period. 
“What you're looking for are dips 
in a Star's brightness caused by 

a planet orbiting it,” says Don 
Pollacco, Project Scientist of 
SuperWASP (two robotic exoplanet 
hunting observatories that operate 
continuously all year). “As the 
planet moves in front of its star it 
blocks out a little light [and a dip 
in the host star's light curve is 
made]. The size of the dip in the 
light curve (also called the transit) 
tells you the size of the planet 
(relative to its star). Transiting 
planets are the jewels in the 
crown. The bigger the planet, the 
bigger the transit depth.” 

The transit method provides 
astronomers with lots of 
information, but there are 
limitations, as Pollacco admits. 
“[It] can only detect planets whose 
orbits are in our line of sight 
and as the probability of this is 
small, you need to look at a large 
number of stars,” he says. “The 
other thing is that the further 
the planet is from its star the 
more exact the alignment has 
to be and hence the probability 
of it happening is lower.” The 
transit method needs a helping 
hand from the radial velocity 
method on occasions. “The orbital 
inclination means we can use this 
with the doppler method to get 
the mass of the planet. This is the 
main quantity to compare against 
theoretical models of planets.” 
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HAT-P-32b 


Size: 2.037 Jupiter-radii 
Distance from Earth: 1,044 light years 
Type: Gas giant 
Most like: Jupiter 
Narrowly missing the title of the 
biggest gas giant as it has yet to be 
confirmed if it is indeed a planet 
and not a brown dwarf, CT Cha b is 
pipped to the post by HAT-P-32b. This 
hot Jupiter, which almost weighs the 
Same as its prototype at 94% of its 
mass, might not be the heaviest gas 
giant on the block but it is certainly 
the largest, swelling to a size twice 
that of our Solar System's giant. 
Orbiting its Sun-like or F-type star 
in the constellation of Andromeda 
on a slightly elliptical orbit, HAT- 
P-32b rests some 1,044 light years 
away from Earth and was uncovered 


with the help of the six-telescope 
HATNet Project, an organisation 

in search of planets passing across 
their parent stars. While the team of 
astronomers that scrutinised HAT-P- 
32's data were sure that they had hit 
on the existence of a great gas giant, 
confirming it proved to be tricky with 
high levels of jitter dominating the 
measurements and scuppering any 
chances of certainty in finding an 
exoplanet around the star. 

It was not until spectra collected 
using the High Resolution Echelle 
Spectrometer (HIRES) at WM 
Keck Observatory in Hawaii could 
astronomers lock down the radial 
velocity of HAT-P-32, later concluding 
that the shake of what they assumed 
was the presence of an undiscovered 
planet, was in fact rambunctious 
Sic) Varela Atalanta 


Determined not to give up on 
the existence of the then elusive 
HAT-P-32b, astronomers employed 
the Keplercam CCD instrument 
at the Keck observatories to 
snap photometric observations, 
constructing the light curve which 
would soon reveal the shy gas giant 
as it passed across its star with the 
help of extensive analysis using the 
Blendanal program. 

Although some might argue that 
HAT-P-32's jitter could be the result 
of a dimmer secondary companion 
iecVereKoyearomn side mds (omcle-t mee me- Mb) Dar-T AYA 
the existence of a planet around the 
metal-poor star was confirmed. While 
HAT-P-32 might be younger than our 
Sun at an age of 3.8 billion years, 
it is also larger, heftier and hotter, 
CHSRVLMU DATS Blac TON AM BN Kccom OT DOC coma ALS 
amount of energy our star does. @ 
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_ Dis tance from Earth: 126 light years 
Birt Welacesieare) 
fa We oem ES 
For many years searches for 
exoplanets were dominated by giant 
hot Jupiters. Where were the small 
planets? In recent years this has 
changed as astronomers’ detection 
techniques have become more 
sensitive to smaller planets and the 
smallest one discovered so far is 
Kepler-42d. 

This midget world lives around 
a red dwarf 126 light years away, 
revealing itself to astronomers 
through the tiny dip in light it causes 
in its parent star as the planet moves 
in front of it. It has a radius just 0.57 
aba elccMnneclmo)me cee TAM em BNE Tenn rom lar-| Ble) OnE 
the same size as Mars. Kepler-42d's 


4 The most ancient 


sade 119 pli PSR B1620-26. A pulsar is actually 


a neutron star, an incredibly dense 
Size: 2.93 Jupiter masses relic of a star's core, just a few dozen 
Distance from Earth: kilometres across in size. Nobody 
CYsom nme ES expected to find any planets around 
Type: Gas giant them but in the early 1990s several 
Most like: Jupiter 


were found, their gravity causing 
Until last year, the oldest world that slight delays in the regular tick-tock- 
we knew of was PSR B1620-26b - a 


tick-tock of a pulsar's radio pulses. 
distant world orbiting the pulsar, PSR B1620-26b, which is also in the 


Same system as a white dwarf, was 
one of these exoplanets. 

However in early 2012, the title 
of the oldest exoplanet known was 
snatched by not one, but two alien 
worlds right on our star’s doorstep at a 
short distance of 375 light years away. 
Uncovered with the help of radial 
velocity, the duo dubbed HIP 11952b 
and HIP 11952c are gas giants orbiting 


“This planet formed 
jE eon oye o-hiy 
after the Big Bang” 





®@ HIP 11952b @ PSRB1620-26b 
12.8 billion years 12.7 billion years 





@ HD 106515b 
11.7 billion years 


® The Big Bang 
13.7 billion years 
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mass is just less than Earth's at 0.9 
Earth masses. 

Red dwarf stars are cool, miniature 
ScD (6 Mn (cones 1H RaIBLe eT alam Dec DaLcl Rela 
systems are similarly scaled down. 
Kepler-42d is the outermost planet of 
three known in orbit around their star, 
and yet it is still so close to its star 
that its year lasts just less than two 
Earth days. At this proximity Kepler- 
42d has a surface temperature of at 
least 181 degrees Celcius, assuming no 
atmosphere. This is far too hot for life 
as we know it. 

However, discovering rocky planets 
of any type is important because it 
helps tell us that planets the size of 
Earth or smaller are common in the 
universe. Smaller, rocky planets have 
the best chance of being habitable, 
provided they live in their star's 
habitable zone and they have an 
PISMO NNR | 


a Sun-like star, with the hefty HIP 
11952b completing its tango around its 
Star in nine and a half months while 
its lighter companion whips around in 
a short seven days. 

At an ancient 12.8 billion years, 
these gas giants are believed to have 
formed at the dawn of the universe, 
less than a billion years after the 
Big Bang and at a time where our 
very own galaxy had not completely 
formed. However, all good things 
come to an end and astronomers have 
hinted that it will be game over for 
these planetary veterans as their host 
star evolves into a red giant, engulfing 
the alien worlds that it has borne for 
so long. @ 
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losest to our Sun 








a 
Most 
SUNS 


4.3 light years away. Then in October 
2012 astronomers found one using 
the radial velocity method, a rocky 
planet with a mass of around 1.13 


usually more, so it’s possible there are 
other planets orbiting Alpha Centauri 
B. Because Alpha Centauri is the 
closest star system to us, one day we 


Alpha 


nae ie 
Centauri Bb 


Size: 20-50 Earth masses 
Distance from Earth: 5,000 light 


Size: Unknown 

Distance from Earth: 4.3 light years 
Type: Terrestrial 

Most like: Venus 

Everyone was looking for planets 


around our stellar neighbours, the trio 
of stars in the Alpha Centauri system, 


Our Sun 


Centauri Bb 


Discovering planets via radial velocity 


The radial velocity method is currently the most popular way 
to track down distant worlds. “If planets are orbiting a star, 
the spectral lines undergo small redshifts and blueshifts (the 
Doppler effect) as the star ‘wobbles’ around the system's mutual 
centre of gravity,” says Mikko Tuomi from the University of 
Hertfordshire who was a co-discoverer of HD 40307g. “[With 
this] we can obtain information on the orbits of the planets, 
though only lower limits for the masses because we cannot 
determine the orientations of the orbits in space,” says Tuomi. 
“Unlike the transit method, the radial velocity method enables 
detections of planets around all nearby stars. The transit method 
is based on occultations and their probability for any given 
system is roughly 1% so the radial velocity method enables the 


Alpha 


detections of 100 times more planets.” 


40 


times that of Earth. Unfortunately the 


planet is very close to its star, Alpha 


Centauri B, meaning its rocky surface 
is probably molten with temperatures 


of 1,220 degrees Celsius. However, 
astronomers are finding that where 
there is one rocky planet, there is 


Epsilon 
Eridani b 





5 6 7 8 
Light Years 
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Planets cause 
changes in a 
star's motion 





may be able to send probes, such as 
Project Icarus, to explore the planets 
there. And if there was life on any 
so far undiscovered planets, having 
a conversation wouldn't be too bad 
- after sending a message we'd only 
have to wait 8.6 years for a reply! @ 
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years 
Type: Gas giant 

Most like: Neptune 

Also dubbed Planet Hunters 1, 
Kepler-64b belongs to a two- 
gigayear-old quadruple star 
system called Kepler-64. The 
giant Neptune-sized world, which 
weighs between 8% and 14% the 
mass of Jupiter and has a radius 
of just over six times that of the 
Earth’s, orbits the closest binary to 
us in a circumbinary orbit. 

It has a backdrop of a more 
distant binary system orbiting at 
around 900 times the distance 
joXeiai(croie md aCome elem: Tele mas (om re DaneR 
Kepler-64b's closest binary, with 
its orbital period of 20 days, 
comprises of a 1.5 solar mass 
whitish coloured F-type dwarf and 
a 0.41 solar mass red M-type dwarf 
which are separated at 100 AUs 
from each other. 

It takes roughly 138 days for 
the gas giant to complete one 
orbit. The remaining pair are 
separated by 60 AU and contain 
a star equivalent to our Sun ata 
mass of 0.99 solar masses, which 
is accompanied by a lighter red 
dwarf companion just over half the 
mass of our Sun. 

Holding the title of the first ever 
quadruple star system to be found, 
this exoplanet was uncovered by 
two amateur astronomers from the 
project Planet Hunters. @ 
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WASP-12b 


2,200°C 


Hottest 


WASP-12b 


Size: 1.73 Jupiter-radii 
Distance from Earth: 1,394 light years 
Type: Gas giant 
Most like: Jupiter 
It's an amazing fact that the hottest 
planet found so far was discovered 
using camera lenses bought from 
eBay! That's how a group of British 
universities were able to afford to set 
up SuperWASP (Wide Angle Search for 
Planets), a collection of cameras based 
in both La Palma in the Canary Islands 
and in South Africa. 

WASP-12b is so hot (2,200 degrees 


Celsius) because it orbits incredibly 
close to its star, at just 3.43 million 
kilometres. This is 1/44 of the distance 


between Earth and the Sun. It’s so iT 
Dipole KOI 5 yh it will contract and evolve into the 
next stage of its life - the white dwarf 








close to its star that the planet is being us 
stretched by the star's gravity and 426 é 


gaseous material from its atmosphere Size: 0.068 Jupiter-radii - with a radius of around O.2 times 
is ripped away into space to be 4 Distance from Earth: 3,349 light years — that is the Sun. 
consumed by the star - it is eating the é Type: Terrestrial Detected by the reflection of their 
planet alive! As the star's gravity flexes [7 Most like: NA star’s light on their surfaces, KOI-55b 
WASP-12b in this deadly relationship, it | The nippiest exoplanet is none other and its companion KOI-55.02, are 
causes something called tidal heating 1 than KOI-55b, which completes an believed to have been gas giants back 
inside the planet, contributing to its \ orbit around its parent star KOI-55 in in their day which spiralled inward 
scorching temperature along with its N a record-breaking time of just 5.76 toward KOI-55 where they were 
sheer closeness to its star. @ | hours. KOI-55b's star is a subdwarf stripped of their bulk, leaving their 
B star which passed through the rocky cores behind. These now orbit 
red giant stage approximately 18.4 the subdwarf star with KOI-55b a 
million years ago. When it finishes fraction of the mass of Jupiter at 0.14 


the helium that it is currently fusing Jupiter masses. @ 








2,200 degrees 
WASP-12b orbits just 
3.43 million km from 
Lei tls 
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A ‘year’ on 

KOI-55b 
passes in less 
than 6 hours 
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The 
telescopes 








Kepler 

Launched March 2009 by NASA 
from Cape Canaveral inside a 
Delta II vehicle, Kepler is a space 
observatory on a mission to 
discover planets just like Earth. 
The exoplanet hunter monitors 
the brightness of over 140,000 
main sequence stars and analyses 
for exoplanetary transits. During 
its short time in operation, the 
spacecraft has found over 2,300 
planet candidates, 105 of which 
have been confirmed as super- 
Earths and hot Jupiters. 


_ i Mie ; 
Spitzer 
Approximately 167,690,000 
kilometers from us, the Spitzer 
Space Telescope is a cryogenically- 
cooled infrared observatory. Its aim 
is to study stars, planets, galaxies, 
black holes, giant molecular clouds 
and extrasolar planets. The NASA 
telescope has to be hot and cold, 
with equipment needing to operate 
close to room temperature and 
an onboard tank of liquid helium 
keeping the telescope's Cryogenic 
Telescope Assembly cooled to 
around -268 degrees Celsius. 
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HD 40307g 


Size: 7 Earth masses 

Distance from Earth: 42 light years 
Type: Terrestrial 

Most like: Earth 

Originally thought to host just three 
planets, HD 40307 was recently 
discovered to be smuggling three more 
distant worlds - one of which might 

be Earth's over-sized twin. Among the 
six exoplanets that orbit their 42 light 
year distant star which rests in the 
Southern hemisphere constellation 
Pictor, this super-Earth, named HD 
40307g, circles in the habitable zone 
bathed in HD 40307's orange light. It is 


Newest di 


Te OB 

Size: 1.5 Jupiter masses 

Distance from Earth: 270 light years 
Type: Gas giant 

Most like: Jupiter 

Detected with the help of radial 
velocity, omi CrB b is the most recent 
exoplanet discovered. With a mass of 
1.5 Jupiter masses, this new kid on the 
block is very likely to be a gas giant. At 
a distance of over 270 light years away, 
omi CrB b leads a lonely existence 

and is currently the only planet 

id aTcl maou e ploy iVmemelan) lab ntcm lism V-ber-1B)(< 
orange giant star which rests in the 
constellation Corona Borealis, taking 
some 187 days to complete one orbit. @ 


nA @ dso cee Bee Cea ele 
270 light years away from.us 


9 Most likely 
port life 


thought conditions could just be right 
for the existence of liquid water and 
possibly a stable atmosphere. 

The recent finding, as covered in 
the last issue of All About Space, 
was captured via radial velocity at 
the European Southern Observatory’s 
HARPS apparatus, by a team of 
astronomers led by the University 
of Hertfordshire’s Mikko Tuomi and 
Guillem Anglada-Escude from the 
University of Goettingen in Germany. 
The team of researchers believe that, 
while the five other exoplanets which 
tightly orbit HD 40307 would be too 
hot to support life as we know it, there 
really is something special about 


_ 
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40307g that has led astronomers to 
believe that, right now, it is the closest 
we have come to finding the fabled 
“Earth 2.0". Not only does the world 
hang out in the habitable zone of its 
star, but it's suggested that it may be 
rotating on its axis and as it twirls, 
creates an Earth-like environment 
with days leading into nights. 
Unfortunately, we have to wait for 
the next generation of large telescopes 
to find out if this is a friendly place to 
live or not, but in the meantime, and 
according to models, HD 40307g has 
been pinpointed as the most likely 
exoplanet where life could have a 
chance of residing. @ 
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VOT 


One of the most successful space 
designs ever, the initial flight of the 
Vostok which carried the first 
human being into space was 
launched on April 12 1961. 

Vostok 1 carrying cosmonaut Yuri A. 
Gagarinmade a single orbit of Earth 
before re-entry. 
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Focus on Red Square Nebula , ® 
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This infrared image of the Red Square 
Nebula highlights its amazingly bizarre 
symmetrical appearance 
44 www.spaceanswers.com 








. , s Red Square Nebula 
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a , The unknown origins of 
~ this nebula make it one 
ie of the most mysterious 
, ~~ ole) (eSMN ew enemy 


> ° This image, created by combining infrared 
exposures from the Mount Palomar Hale telescope 
e in California and the Keck-2 Telescope in Hawaii, 
= is puzzling to say the least. Its symmetrical and 
ordered square shape looks like something that was 
: e put together in Photoshop, but it’s very much real 
and equally as interesting. 
The Red Square Nebula, or MWC 922, is found 
in the night sky near the Serpens constellation. It 
oe is a bipolar nebula, which refers to its symmetrical 
appearance around a central point, and it is one of 
the best examples of such a nebula that we know of 
in the universe. 

Its central star is responsible for the appearance of 
the nebula. It is thought that this star expelled cones 
of gas during later development stages of its life in 
opposite directions, visible in this image moving 
° diagonally up to the right and downwards to the left. 
J * ss Amazingly, the edges of the cones form almost a 

f . " «= perfect right angle with each other, creating a bright 
central square and a slightly dimmer outer square. 
- J 7 | Stars are known to throw off material in this 

















manner during the latter stages of their life, either 
prior to a supernova explosion or as the star runs out 
of fuel and loses its outer layers. Along the walls of 
the cone can be seen radial spokes emanating from 
the star, which further supports this hypothesis. 
- > An observer looking side on to the nebula rather 
than straight on, like us here on Earth, would likely 
observe a different nebula altogether. They would 
instead see rings of material being ejected from the 
® central star, an indicator that this is indeed a star on 
. » its way to going supernova. When this might be, or 
whether it will actually happen, is anyone's guess. 
7 + . For now, though, we can merely revel in the glory of 
. this fantastic nebula and hopefully find others like 
. * - it that might help unearth the mystery of its past, 
. ieee wAAeom | 
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Phases of the Moon 


® Third quarter ® Waning gibbous ® Full moon 


® New moon ® Waning crescent 





Phases of the 





Moon explained 


Have you ever wondered why the Moon is not always fully 


illuminated as you look at it in the night sky? The answer 
lies in its perpetual and intriguing lunar phases 


The revolution of the Moon around 
the Earth, in partnership with the 
Earth's revolution around the Sun, 
causes different parts of the Moon's 
surface to be illuminated as seen 
from Earth. These differing shapes 
of illumination are referred to as the 
‘phases’ of the Moon, which occur 
in a perpetual cycle over a 29.5-day 
(synodic) period. 

There are eight main identifiable 
phases - see annotated diagram 
at the top of the page for more 
details - which follow each other 
sequentially as the Moon orbits the 
Earth according to the changing 
relative positions of the Earth, 
Moon and Sun. These phases cause 
a certain percentage of the Moon's 
sunlit surface - note that half of 
the satellite's surface is always fully 
illuminated by the Sun however - to 
be illuminated as seen from Earth, 
with a total sweep between O per cent 
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and 100 per cent visible during the 
eight main phases due to different 
viewing geometries. 

Indeed, to understand this 
process fully, it is the idea of viewing 
geometry that is key. The Moon does 
not appear only partially illuminated 
due to the Earth blocking light from 
the Sun, or casting a shadow (umbra) 
over it - although that can happen as 
we Shall later see - but merely due 
to the Earth’s respective viewing 
angle on the Moon's sunlit surface. 
For example, during the first quarter 
phase, the Moon is positioned at a 
90-degree angle with respect to the 
Earth, hence only 50 per cent of its 
half-illuminated side is visible on the 
planet. Equally, in the phases of new 
moon and full moon respectively, 
due to the three bodies’ approximate 
alignment (syzygies), that viewing 
angle is either O or 180 degrees, 
allowing either no or full illumination 


of the satellite’s sunlit side as seen 
aco)enmes (om eae 

If the Moon both sits between the 
Earth and Sun while in a new moon 
phase, and on the opposite side of 
the Earth during a full moon phase, 
this logically raises the question: why 
don’t the Earth and Moon block the 
Sun's light from falling on each other 
if they are in alignment? The answer 
rests on the fact that the plane of 
the Moon's orbit around the Earth is 
inclined (tilted) by about five degrees 
with respect to the plane of the 
Earth’s orbit around the Sun (plane of 
the ecliptic). As such, while the bodies 
are in approximate alignment during 


these phases, the Moon typically 
His oYOKs}Lw Coyne Wy UKs] me) emre enc elms neTos 
allowing illumination to still occur. 
Interestingly, the aforementioned 
perfect alignment can occur on rare 
occasions due to the Moon's elliptic 
orbit around the Earth, and the 
Earth's elliptic orbit around the Sun. 
This leads both planet and satellite to 
experience changes in orbital velocity 
- faster at both their perihelion and 
aphelion - and cause the five-degree 
orbital plane offset to collapse at 
certain infrequent occasions. It is 
due to these rare events that solar 
and lunar eclipses occur (see ‘Lunar 
eclipse’ boxout). @ 


“The ‘phases’ of the Moon 


occur in a perpetual cycle 


over a 29.5-day perio 


y 


www.spaceanswers.com 


Phases of the Moon 
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1. New moon 

The start of the synodic period begins 
with a new moon, which occurs when 
the Moon is positioned between the 
Earth and the Sun in approximate 
alignment (five degrees off from the 
Earth-Sun orbital plane). The sunlit side 
is not visible from Earth. 


2. Waxing crescent 

As the Moon's lunation begins from the 
new moon phase, gradually more of 
the sunlit surface of the Moon becomes 
visible from Earth. This is referred to 

aS a Waxing crescent as only a thin 
crescent-shape portion is visible. 


3. First quarter 

The first quarter phase occurs when 
the Moon is at a 90-degree angle with 
respect to both the Earth and the Sun. 
This leads to a perception of 50 per 
cent illumination of the Moon's sunlit 
side from Earth. 


4. Waxing gibbous 

In the waxing gibbous phase gradually 
more and more of the Moon's sunlit 
surface becomes visible, rising from 50 
per cent through to a full moon's 100 
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Lunar eclipse 


At specific times of the year, the Earth, Sun and Moon line up acutely, 
with the typical five-degree Earth-Sun orbital plane inclination 
removed. When the Moon blocks the Sun - or a proportion of 

it - we experience a solar eclipse on Earth, an event that always 
occurs during a new moon phase. This is a well-known occurrence. 
However, what many people don't realise is that there can also be 
lunar eclipses. A lunar eclipse occurs when the Sun, Earth and Moon 
align acutely but do so when the Moon is in its full moon phase, with 
the Earth blocking the Sun’s illumination of its satellite due to the 
collapse of the Earth-Sun orbital plane's inclination. 
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Lunar eclipses occur when the 
Moon is in its full moon phase 





per cent. The illuminated portion is 
therefore a convex semi-circle. 


5. Full moon 

As with the new moon, here the Earth, 
Moon and Sun are in approximate 
alignment, however at this phase the 
Moon is on the opposite side of the 
Earth from the Sun and is therefore 
illuminated fully on the sunlit side as 
viewed from Earth. 


6. Waning gibbous 

Mirroring but reversing the waxing 
gibbous phase, the waning gibbous sees 
the sunlit portion of the Moon's surface 
decrease from 100 per cent down to 
the third quarter phase's 50 per cent. 


7. Third quarter 

As with the first quarter phase, here 

the Moon is once more at a 90-degree 
angle with respect to the Earth and the 
Sun. As before, approximately 50 per 
cent of its sunlit surface is illuminated as 
viewed from Earth. 


8. Waning crescent 

Just as an increasing crescent-shaped 
portion of the Moon's sunlit side 
becomes visible after a new moon, 
after the third quarter's 50 per cent 
illumination, less and less becomes 
visible - the crescent wanes (shrinks). 
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All About... 
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The Solar System's forgotten planet has long been thought of 
as a dark, cold, characterless world, but the seventh planet from 
the Sun has its own unique twist and some fascinating features 
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While William Herschel officially 
discovered Uranus in 1781, he wasn't 
the first to observe it. Others thought 
it was a star and Herschel himself 
called it a ‘comet’ before deciding that 
it was, in fact, a planet - and the first 
one discovered by telescope. Although 
Uranus can be seen from Earth with 
the naked eye, it’s so dim and has such 
a slow orbit compared to the other 
known planets that it didn't register as 
one. It just looks like a faint pinpoint of 
greenish or bluish light. 

Uranus’s acceptance as a new planet 
overturned beliefs that had been held 
for millennia about the size of our 
Solar System, and kicked off a flurry 
of planetary discovery. But despite 
Uranus's significance, we haven't 
spent much time visiting the planet. A 
flyby by Voyager 2 in 1986 marks the 
only time we've explored it. Because 
of this, we simply don't know a great 
deal about Uranus. Until telescope 
observations in the past few decades, 
we thought of it as a rather bland 


Seasons and tilt 


Axis and tilt 

Uranus is tilted 97.77 degrees 
on its axis, resulting in an 
unusual seasonal pattern. 


Autumnal equinox 
Autumn in the northern 
hemisphere is spring 

in the southern 
hemisphere, with 21 
years of alternating 
days and nights as the 
equator faces the Sun. 
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All About Uranus 


planet: dark, cold, slow and with few 
interesting features. 

Uranus is the third-largest planet 
by radius and the fourth-largest by 
mass. It's about 3 billion kilometres 
(1.86 billion miles) from the Sun, 
which means that it receives 0.0025 
per cent of the sunlight that the Earth 
gets. Uranus is a gas giant, along with 
Jupiter, Saturn and Neptune, with the 
latter planet sometimes being referred 
to as its twin. It is the least massive of 
the four, but still more than 14 times 
more massive than Earth. Uranus has 
a diameter four times that of Earth's. It 
also has the coldest atmosphere of any 
other planet in the Solar System, with 
a Mean temperature of approximately 
-197 degrees Celsius (-322 degrees 
Fahrenheit). Uranus also has a 
multilayered cloud system, although 
without the flashy variations of colour 
seen on planets such as Jupiter and 
Saturn. However, it does have a lot in 
common with the other gas giants. 

It has a magnetosphere that is very 


Mars 142 
Jupiter 484 


Similar to Jupiter's. It has 27 moons, 
and a system of 13 rings that was 
discovered not long after Saturn's ring 
system. It’s most like Neptune in terms 
of composition, mostly hydrogen and 
helium with icy volatiles. Sometimes 
Uranus and Neptune are referred to as 
the ‘ice giants’. 

But Uranus can't just be lumped 
in with the other gas giants because 
the planet has its own unique twist. 
Literally, as Uranus's 97.77-degree 
axial tilt means that it is parallel with 
the plane of the Solar System - its 
poles are on either side. While other 
planets have extreme tilts, none are so 
perfectly perpendicular to the plane 
of its orbit. Recent studies show that 
Uranus is probably tilted due to at least 


two violent, massive collisions one 
after another, with objects larger than 
Earth. These impacts likely occurred 
early in the planet's life, even before 

its moons formed, and have made 
astronomers rethink how the other gas 
giants formed as well. 

The tilt has impacted just about 
everything about Uranus. It has 
extreme seasons and weather 
fluctuations since each hemisphere 
experiences either full Sun or deep 
space. Its magnetosphere is tilted 
and asymmetric. The ring system is 
also on its ‘side’, and comes close to 
rivalling Saturn's in complexity. The 
moon system is less massive than any 
other gas giant's system. So, in many 
ways, Uranus is unique. @ 


“Uranus can't just be lumped 


in with the other gas giants 
as it has its own unique twist" 









\ 
Winter solstice | 
Now it's the northern hemisphere's 

turn to stay dark for 21 years, while the 
southern hemisphere has sunlight. 
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Summer solstice 

Summer for the northern 
hemisphere lasts 21 years, while the 
southern hemisphere stays dark. 
The day-night cycle occurs only ina 
narrow band around the equator. 


Vernal equinox 

Spring in the southern 
hemisphere and autumn in the 
north means another 21 years of 
alternating days and nights. 


All rt gs = million miles from Sun 
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The seventh planet 
from the Sun. 
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Uranus, as: viewed from Miranda 
in this.artist's impression; Nas a 
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A unique spin 
on a planet 


Geographic north pole 

The huge difference between 
magnetic north and geographic 
north may be attributable to a very 
Salty ocean beneath the planet's 
surface that is not located at its core. 


Magnetic field 

This varies greatly depending 
on the area. In the northern 
hemisphere it might be much 
stronger than Earth's; in places 
in the south, it's much weaker. 


Magnetic north pole 
Uranus's magnetic north pole 
is a full 59 degrees tilted away 
from its geographic north pole. 
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Spin axis 

Uranus spins on its 
side, and has been 
described as rotating 
like a beach ball. 


Dipole field axis 

The main magnetic field does not 
pass entirely through the planet, 
resulting in multiple poles. 


Compared to Saturn and Jupiter, 
Uranus and Neptune are very small 
gas giants. But Uranus is still more 
than 60 times greater in volume, 14 
times greater in mass and four times 
greater in diameter than Earth 
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Uranus inside 
and out 


It has avery similar structure to Neptune 
but this ice giant still retains its mysteries 


The term ‘gas giant’ implies that 
Uranus is solely composed of gases, 
but studies indicate that it actually 
has a core of silicate rock, encased in 
ices and topped with a gaseous layer. 
The core must be very small, since 
Uranus is the second-least dense 
planet. It likely takes up only 20 per 
cent of the planet's radius. The ice 
mantle surrounding the core is fluid, 
with volatiles like methane, ammonia 
and water. In fact, this electrically 
conducive fluid is often called an 
ammonia-water ocean. The outer layer 
is mostly helium and hydrogen. 
Uranus is also much cooler inside 
than the other gas giants - it’s actually 
the coldest planet in the Solar System. 
Neptune radiates 2.61 times the heat 
that Uranus does. We aren't sure why 
Uranus is so cold in comparison, but it 
may have been struck by a large body 
that forced it to expel most of the heat 





PMC 


Solar Wind 

Uranus is bombarded 
with charged particles 
Tanyiak=yems) Va aa(= mole] am 


Magnetic Axis 
Because of Uranus's 
unusual spin, the 
magnetic axis is tilted 
59 degrees from its 
rotation axis. 


Shockwave 
The shockwave is 
located about 23 
Uranian radii away. 
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it had when formed, or there could 
be a complex system at work in the 
atmosphere that keeps core heat from 
getting out. 

The atmosphere contains three 
layers: the thermosphere, the 
stratosphere and the troposphere. The 
lowest layer, the troposphere, is the 
most interesting and is rich in volatile 
ices like methane and ammonia. It has 
four cloud layers: methane, hydrogen 
sulphide and ammonia, ammonium 
hydrosulphide, and water clouds at 
the upper limit. We've only observed 
the top two layers, along with a hazy 
layer above them. The stratosphere 
sits between the troposphere and the 
outermost layer, the thermosphere. 
Uranus tends to look light bluish or 
greenish in colour, and it has faint 
darker bands. The overall colour is 
due to the way that methane absorbs 
visible and near-infrared light. 
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Until Voyager 2 explored Uranus's 
atmosphere, we didn't know much 
about its features. The probe found 
a bright polar cap at the south pole, 
as well as a lighter band called a 
collar. There were darker bands 
in the southern hemisphere and 
about ten lighter clouds around 
the middle latitudes. The timing 
of Voyager 2's arrival meant 
that it could not fully observe 
the northern hemisphere. In the 
Nineties, Hubble and ground-based 
telescopes like the Keck Observatory 
began to see more atmospheric 
features on Uranus. They spotted 
many more clouds in the northern 
hemisphere, which are brighter and 
at a higher elevation than the ones in 
the southern hemisphere. They also 
observed in 2007 that the southern 
collar had nearly disappeared, while 
one in the north had grown. @ 





Magnetic Centre 
The magnetic centre of 
the planet is displaced 
from its geographic 
centre by about 8,000 


. kilometres (5,000 miles). 
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) Plasma Torus 
This ring of charged 
particles orbiting the 
planet contains a 

mall amount of H2+ 
(hydrogen molecular) 
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An ice giant 
in numbers 


Fantastic figures and surprising 
Statistics about the distant planet 


03,69 /S? 


‘ The acceleration due to gravity on Uranus, 
compared to 9.8m/s* on Earth 


4 It takes Uranus 84 
years to complete its 
y orbit around the Sun 
Oro ¥ 2 The number 
of years it took 


What you would Voyager 2 to 
weigh on Uranus if reach Uranus after 


you weigh 45kg (1OOIb) launching from 
on Earth Earth. Voyager 2 is 


still going strong 
O () (),, after 35 years 


Wind speeds on Uranus can reach 250 metres per 
second (900km/h, 56O0mph) 


o () x Uranus's volume is more 
than 60 times that of Earth 


197°C 


Uranus is the coldest planet in the Solar 
Systern, with an average ternperature of 














©” Core 
Uranus is believed to have a 
small core comprising silicate 
rock, iron and nickel. 


© Mantle 
Uranus's mantle is icy but fluid, 
and includes water, methane 
and ammonium. 






Clouds ® ® Atmosphere 


The outer gaseous layer of Uranus 
is mostly hydrogen and helium. 


™ Couds 





Atmosphere ® 


Mantle © Uranus has multiple cloud layers around -197°C (-32? °F) It can get as low 
that include water, ammonium as 294°C (-497°O) 
hydrosulphide, ammonia, 
Core hydrogen sulphide and methane. 
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Moons a 


Uranus has 13 rings and 27 moons, 


but we could continue to find more 


Discovering the Uranian ring system 
was a real surprise for astronomers. 
Since the planet is on its side, we 
have the opportunity to view the 
rings in a completely different way 
than we have for the rings of Jupiter 
and Saturn. Most of the rings were 
identified in 1977, with Voyager 2 and 
later the Hubble Telescope bringing 
the total to its current number of 13. 
Many of these rings are not quite in 
the plane of Uranus’s equator, and 
most of them are not exactly circular. 
Unlike the rings of Jupiter, most 

of Uranus's rings comprise mostly 
microscopic particles of water ice 
and an unknown material - not dust. 
And in comparison to Saturn's rings, 
Uranus's rings are very dark. The 
brightness seems to vary depending 
on the angle of the ring. 

Usually the Uranian rings are 
classified into three different groups. 
The nine main ones are very narrow - 
6,5, 4, Alpha, Beta, Eta, Gamma, Delta 
and Epsilon. The two dustier rings are 
in their own group: Zeta (1986U2R) 
and Lambda. The two outer rings 
are Nu and Mu. The brightest and 


densest ring of the whole system is 
Epsilon. It is also the most eccentric, 
with a thickness that varies from 
19.7 kilometres (12 miles) to 96.4 
kilometres (59 miles). All of the rings 
seem to be very young in comparison 
to the planet. This means that they 
must be replenished by things like 
collisions of larger particles, moons 
or meteorites. The Epsilon ring has 
shepherd satellites - two moons, 
Cordelia and Ophelia - that confine 
it and define its inner and outer 
edges. But how do the rings without 
shepherd satellites maintain their 
shape and not spread out? This could 
mean that there are more moons we 
haven't seen. 

All 27 of Uranus's moons are named 
after characters from the writings 
of either Alexander Pope or William 
Shakespeare. The first ones to be 
discovered were Titania and Oberon, 
seen by William Herschel in 1787. 
The most recent discoveries, such 
as Cupid and Francisco, were made 
using the Hubble Space Telescope 
in 2003. Despite their number, the 
moons aren't very massive - the mass 


Spin of the rings 
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When Voyager 2 
visited Saturn, its 
WTR Km eaten 
Sun and the Earth. 
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of the five major moons combined is 
less than half of the mass of Triton, 
Neptune's largest moon. These major 
moons are Miranda, Ariel, Umbriel, 
Titania and Oberon. The largest of 
these is Titania, with a radius of 

789 kilometres (490 miles). All of 
the major moons have planetary 
mass and hydrostatic equilibrium 

- meaning that they have enough 
gravity to keep them spherical. If they 
were in orbit around the Sun instead 
of Uranus, they would probably be 
considered dwarf planets. Except for 
Miranda, which is primarily ice, the 
major moons seem to be equally rock 
and ice. The largest ones might even 
have differentiated interiors, with 
cores and mantles. They're mostly 
heavily cratered from impacts with 
meteors and other objects. And, 
except for Umbriel, they all show 
signs of geological activity. 





Inside Miranda's orbit lie 13 inner 
moons, each of which are associated 
with one of the rings. We know very 
little about most of these moons - 
only Puck was imaged by Voyager 
2. It’s the largest at 162 kilometres 
(100 miles) in diameter. These small 
moons are generally dark coloured 
and are highly perturbed by each 
other, with unstable orbits. 

The nine irregular moons orbit very 
far away from Uranus compared to 
the other moons, and were probably 
captured by Uranus's gravitational 
pull soon after the planet formed. 

WM atcyymar-n(omqecsleelemeyapyince-velenr- III 
but one, Margaret, are retrograde 
(meaning they orbit in the opposite 
direction of the planet). The largest 
at about 150 kilometres (93 miles) in 
diameter is Sycorax. There are likely 
to be even more irregular moons that 
we haven't yet discovered. @ 


“The mass of the five major 


moons combined is less 
than half of Triton’s mass” 


Thanks to Uranus's 84-year-long 
orbit and sideways rotation, our view 
of its rings is edge-on every 42 years. 


= | Ma STeve. 


2028 @ 
In 2028, we'll get 
a face-on view of 
anomaly M OLEAN 
other side. 








® 2007 


2007 marked our first edge-on view of the 
rings since we've had telescopes powerful 
enough to observe them closely. 
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This image, taken by Voyager 2, shows the small dust This 1994 image taken by Hubble provided the first view of 
particles distributed throughout Uranus's ring system the south pole haze and the ring system since Voyager 2 


The orbits of the moons 


1. Miranda et Pe an mana _ 


The smallest and innermost of Uranus's 
five major moons, Miranda orbits the 
planet at around 129,390 kilometres 
(80,400 miles). 


2. Mab 

Although photographed by Voyager 

Pra Flee (Cie CME el maeni mse 
until 2003. Its size is unconfirmed, but 
we know that it is highly perturbed by 
the orbits of neighbouring moons. 


Cee te 

Puck is the largest inner moon of 
Uranus, and lies between the rings and 
Miranda, the first of the larger moons. 


4. Cupid 

Discovered in 2003, Cupid is the 
smallest of the inner moons at just 18 
kilometres (11.2 miles) in diameter. 


5. Portia 

The second-largest inner moon, Portia 
heads a group of moons with similar 
orbits. It has a diameter of about 140 
kilometres (87 miles). 


6. Juliet, Desdemona 

and Cressida 

Little is known about these small 
neighbouring moons, but their chaotic 
oso] MAIEV ARa el Memes) Team iaal ial 
100 million years. 


7. Ophelia and Cordelia 

These innermost known moons serve 
as shepherd satellites - defining the 
inner and outer edges of Uranus's 
Epsilon ring. 














Me te 
iB ett tet 
When William Herschel 
discovered Uranus, he also 
claimed to see a faint ring 
around the planet. It seems 
unlikely he was truly able to 

see anything, however. The ring 
system was Officially discovered 
Joya aco Henao) e cel ercm ila ments 
Kuiper Airborne Observatory 
(KAO). In 1977 and 1978, the 
team found a total of nine 

rings around Uranus. KAO was 
the first airborne astronomical 
research observatory, based at the 
NASA Ames Research Center in 
California. A military jet aircraft 
was modified to carry a 91.5cm 
(36in) reflecting telescope used 
to conduct infrared astronomy. 
Why a telescope on a plane? The 
aircraft was used to fly above 
13,716m (45,00Oft). This altitude 
is above the layer of water 
vapour in the Earth's atmosphere 
that absorbs infrared radiation, 
allowing the team to use the 
telescope to observe other 
planets in our Solar System. 

Dr James Elliot, an 
astrophysicist with the KAO 
team, was an expert in stellar 
occultation - learning about 
a planet by measuring the 
light blocked when it passed 
between the Earth and a distant 
Ie TATOO NI Com IVoye cet eroa nae nek: Le| 
recording during an observation 
of Uranus, Dr Elliot noticed that 
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® Miranda WN | aU) @ Titania ® Oberon See aS 
aUaeMialaanne sts The fourth-largest Umbriel has the ee weR lS Oberon is the ral RUN Tee ee a oslaen taal 
and smallest of moon, Ariel also darkest surface eighth-largest outermost of for a few minutes before Uranus 
Ona has the third- of the Uranian moon in the Solar the five major appeared. This was the first 
major moons acct Ce moons, and SRW ZL moons and is evidence of the rings, confirmed 
are Melt laas) eels Voyager 2 imaged is one of the a diameter of partially outside by Voyager 2 about a decade later. 
of just 472km about 35 per cent most heavily around 1,580km of Uranus's 
(290 miles). IROL gree cratered. (980 miles). magnetosphere. 
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All About Uranus 


Exploring 
Uranus moment 


With just one probe visiting the planet, most of our 
Uranian exploration has been done via telescope 


Uranus has a special significance as the first planet re | 
in the Solar System to be discovered by telescope — " | 
NN la 
1 - 








rather than the naked eye - and that’s mostly how 
we've observed it. Since William Herschel's findings, 
astronomers have continued to learn more about the 
planet as telescopes and technology have improved. 
French astronomer Pierre-Simon Laplace calculated 
the planet's orbit in 1783, but others soon realised that 
it wasn't behaving as predicted. Further observation 
showed that the erratic elements of Uranus’s orbit 
were caused by a new planet, Neptune. Uranus’s rings 
were Officially discovered nearly 200 years later. 
NASA’s Voyager 2 probe encountered Uranus in 
January 1986, as part of its Planetary Grand Tour 
mission. The spacecraft passed within 81,500 
kilometres (50,600 miles) of the planet’s cloud 
tops and made numerous discoveries. Voyager 2 
studied the Uranian atmosphere and magnetosphere, 
revealing that the latter was asymmetric. It provided 
a number of high-resolution images of the planet 
and its rings, as well as its five major moons. The 
probe also discovered ten additional moons and two 
new rings. The Hubble Space Telescope revealed 
two further rings and two more satellites in the 7 | 
mid-2000s. Ground-based telescopes, such as the This prototype Voyager spacecraft is shown here during 





Ariel's surface is covered in 
masses of sunken valleys 





Keck Observatory, have continued to reveal more vibration testing at NASA's Jet Propulsion Laboratory 
about Uranus, but there are no current plans to send in Pasadena, California in 1977, prior to the Voyager 
another spacecraft to explore it up close. @ mission launch 


la 


This view of Uranus shows how its ‘Arctic’ side is 


The trajectory oe iF @ Ce) t eats in near-total darkness for its 21-year-long winter 
of Voyager 


One of the obstacles to exploring the outer planets 
was how to get there, without needing so much fuel 
that the mission would be too costly. In the Seventies, 
NASA began planning a Planetary Grand Tour to take 
advantage of the outer planets’ rare alignment. In 

1974, Mariner 10 was the first to use a new technique 
called gravity assist, or slingshot, to reach Mercury. 
Spacecraft can use a planet’s movements and gravity 
to change course or speed to save both fuel and time. 
After reaching Jupiter, both probes followed a circular 
trajectory, using each planet's gravity to travel on to 
the next. Voyager 2 reached Neptune, then continued 
on to deep space, while Voyager 1 performed a flyby of 
Saturn's moon Titan and was sent out of the plane of \ 
the ecliptic and into deep space. 


Voyager 1 
Voyager 2 


Uranus's largest moon, Titania, has a 
number of ancient impact craters 
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Voyager 2 - 
owe lave le 
to visit Uranus 





























@ Star trackers 





oriented correctly. 


CeCe le me Stem 
* These instruments captured images of the 
planets encountered along the way and 
measured radiation and atmospheric properties. 
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These trackers sense the 
location of the Sun and stars, 
helping to keep the spacecraft 
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Mission. 
ai 
Voyager 2 

Mission dates: Flew by Uranus on 
2A January 1986 

Goals: A tour of the four gas giants 
Findings: Uranus is one of the | 
least explored planets in the Solar 
System but Voyager 2 made a 
number of exciting discoveries 
during its mission. 

It found ten new moons and 
two new rings and learned that 
idnlcm aNeromcyAclCcies IA (O)0NeT<) ana a real 
the planet. It also studied the 
planet's intense magnetic field and 
radiation belts. It also determined 
that the length of a day on Uranus 
is 17 hours, 14 minutes and found 
that the planet radiated lots of 
ultraviolet light from its sunlit pole, 
termed ‘dayglow’. 


® High Gain Antenna 
Used to communicate with 
Earth during the mission. 


Gearon ica Bataeie)s 
The CRD studies 
interstellar cosmic rays 
to determine their origin, 
behaviour and interactions 
with planetary mediums. 


alo) ea @eebelCatae| 
Uranus as part of the 
Planetary Grand Tour” 
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What makes this famous cluster of — 7 - a: 
stars in the night sky so interesting? _— te Le i 


The Pleiades has been observed for millennia, with 
its proximity to Earth and large stars making it CT ; ere ‘ ° A * 
observable to the naked eye and also an important J ae + 
tool for astronomers. Over 1,000 stars are contained 
within the cluster, and its characteristics have made 
it a stepping stone to understanding other clusters 
and stars in the universe. 

Some of the earliest known depictions of Pleiades 
date back to 1600 BC, but it was not until 1771 AD 
that Charles Messier measured the position of the 
cluster and classified it as M45. Its nine brightest 
stars are named after the Seven Sisters of Greek 
mythology along with their parents. In order of 
brightness they are Alcyone, Atlas, Electra, Maia, 
Merope, Taygeta, Pleione, Celaeno and Sterope. 

The Pleiades is between 390 and 460 light years 
away, making it one of the most easily viewable 
star clusters from Earth. This has seen it become 
an important calibration tool for calculating the 
distance to other stars in the universe. 

The core cluster of stars within Pleiades have 
a radius of about eight light years. The cluster is 
dominated by bright hot blue stars, 14 of which are 
visible to the naked eye. These stars are typically , | : ante 
between 15 and 90 times the mass of our own Sun 
with a luminosity at least 30,000 times greater 
and as much as 1,000,000 times more. However, 
owing to their large mass, they burn through their | 
hydrogen fuel very quickly. Whereas our Sun is ; = _ # 
thought to have a lifetime of ten billion years, a hot | 
blue star will live for just tens of millions of years. 

A quarter of the Pleiades cluster is made up of 
brown stars, stars with less than eight per centof 
the Sun's mass that are not heavy enough to ignite C re 
nuclear fusion in their cores. The relative proximity ry 
of Pleiades to the Earth has made it an excellent ad 
location to study these dim and diffuse stars, as ~ 
in older clusters further away they are much more 
difficult to observe. * 

The cluster itself seems to bear some signs of —_ . ‘ : 
being a reflection nebula. Dust in Pleiades reflects | “ 
the light of the hotter blue stars, which may be a ; 
remnant of when the cluster first formed. However, : " 
its age would suggest that most of the dust from its ‘ : a : . . 
formation should now have dispersed, suggesting 
that the nebula elements may merely be the result 7 oh . 
of the Pleiades passing through an especially dusty . 
region of interstellar space. | ; id 

The Pleiades is estimated to have an age of 
between 75 and 150 million years. It is an open star : 5 ? , c 
cluster, which means it will not stay gravitationally | : a 
bound forever, and indeed calculations suggest a / : . a 
it will disperse within 250 million years after 
interaction either with spiral arms in the Milky Way 
Omi RO slo Keo ricer | 
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Mike Brown, an astronomer at the 
California Institute of Technology, 

was the lead discoverer of Eris. He 
knew that this world was about the 
Same size or larger than Pluto and 

he realised that he would be hailed 

as the discoverer of the tenth planet. 
However, he didn't agree that Eris, or 
even Pluto, were big enough objects to 
actually qualify as planets. 

Before Eris’s official announcement 
in 2005, his wife joked Brown's 
discovery meant that some day their 
daughter could afford college. But 
Brown maintained his hypothesis: Eris 
was the biggest known member of the 
Kuiper belt - a region of icy objects 
orbiting beyond Neptune. 

Today, Brown says that it was 
tempting to keep the title as the 
founder of the tenth planet, but as a 
scientist he couldn't let that stand. “It’s 
hard to pretend that was not in my 
head,” he tells All About Space. “But I 
felt like there was no way to leave this 
argument. It made no scientific sense.” 

Prior to Eris's discovery, Brown 
was a new faculty member at Caltech 
trying to secure tenure. He chose 
planet-hunting to make his mark. In 
1997, his team began using an ageing 
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120-centimetre (48-inch) Schmidt 
telescope at the university's Palomar 
Observatory. The telescope was so old 
that it could only use photographic 
plates. Each photo would then be 
scanned into a computer for analysis. 

After two years of hunting, Brown 
determined this method was not 
working. They resumed the search 
in 2001 using up-and-coming digital 
technology. Within months, the 
team discovered small worlds in 
the Kuiper belt. The largest ones, 
Quaoar and Sedna, were announced 
to some fanfare. Brown's tenure was 
secured. Then came a tiny point 
of light on 5 January 2005 that 
would change astronomy forever. It 
was Close: 90 Earth-Sun distances 
away, the equivalent of the Solar 
System's backyard. And it was bright: 
18.8 magnitude, easily visible in a 
professional telescope. 

The object was officially labelled 
2003 UB313, but Brown nicknamed it 
Xena in a subtle nod to the mythical 
Planet X on the outside of our Solar 
System. He planned to take his time 
to confirm the discovery, which is 


standard practice among astronomers. 


Among other tools, his team used a 


, 
sky. But within months of its discovery, this _ 
tiny world changed our definition of a planet.’ 


telescope in Chile. Brown was tracking 
a number of small worlds with this 
telescope, including one later named 
Haumea. Unfortunately for Brown, a 
public University of Ohio website had 
records of which objects the telescope 
was looking at (this was later rectified). 

News of Haumea leaked out. 
According to Brown, a Spanish 
astronomer falsely claimed its 
discovery based on the Ohio 
data. However, the International 
Astronomical Union (IAU) never made 
a ruling. Brown nevertheless knew the 
positions of Xena and another object 
he was confirming were also in danger 
of discovery. Hastily, he made an 
announcement on 29 July 2005. When 
the IAU realised that Xena was about 
the same size as Pluto, it decided to 
call a meeting to vote on the definition 
of a planet. 

Its decision to demote Pluto in 2006 
to dwarf planet was controversial 
among astronomers. As such, Brown 
suggested the official name of Eris, 
after the Greek goddess of strife and 
discord. The IAU accepted it. That 
dispute has faded in the years since, 
Brown says, although the public still 
feels it’s controversial. 





According to Brown, Eris is the 
furthest dwarf planet we have ever 
spotted orbiting the Sun. It is almost 
15 billion kilometres (9 billion miles) 
away - about three times further than 
Pluto. Eris takes 560 years to make 
one trip around the Sun and its orbit 
is eccentric. Its distance from the Sun 
varies from 38 Sun-Earth distances 
to 97 Sun-Earth distances. The dwarf 
planet is around 2,326 kilometres 
(1,450 miles) in diameter. Eris also has 
a moon, Dysnomia. From watching 
Dysnomia orbit Eris, Brown estimates 
Eris is 27 per cent more massive than 
Pluto and has a density of around 2.6 
grams per cubic centimetre (1.5 ounces 
per cubic inch). The high density 
implies Eris is mostly made of rock. 

It is also surprisingly bright, 
reflecting almost 97 per cent of the 
light that comes to it. Brown's team 
believes it's because Eris's atmosphere 
is frozen, due to its estimated 
minimum temperature of -240 degrees 
Celsius (-405 degrees Fahrenheit). 
The dwarf planet is at its furthest 
distance from the Sun right now, and 
will warm up to -215 degrees Celsius 
(-360 degrees Fahrenheit) as it gets 
closer. Eris’s atmosphere is likely made 
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Eris 


A moon 
called 
Dysnomiia 


Eris's moon, Dysnomia, was 
discovered on 10 September 2005. 
Brown and his team were working 
at the Keck Observatory in Hawaii 
when they found the moon. 

They nicknamed it Gabrielle 
(after the character in Xena: 
Warrior Princess), which stuck 
until the IAU approved the official 
name of Dysnomia. In mythology, 
Dysnomia is the daughter of Eris. 
The name also closely honours the 
first two letters in Brown's wife's 
name, Diane. 

Keck and Hubble were used 
several times to figure out 
Dysnomia’s orbit. It takes about 16 
days for the moon to go around 
Eris. More importantly, Dysnomia’'s 
movements around the dwarf 
planet allowed astronomers to 
figure out how massive Eris is: 
about 27% more than Pluto. 

It’s difficult to tell just how big 


-—Ceres— = Pluto —= a Se S| 
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the moon is because of its size 
and distance, but the astronomers 





up of methane and nitrogen, and 
astronomers believe that it’s currently 
just a thin layer of substance lying 
over the surface. 

Brown says there's still much to 
learn about Eris. His team is trying to 
find its pole. This is important because 
the direction of Eris’s spin determines 
how much heating the dwarf planet 
receives as it goes around the Sun. 
Brown also keeps up on the latest 
news on the dwarf planets he found. 

“There's a paper that just came out... 
on the first precise measurement of 
Makemake,” Brown says, referring to 
another of his discoveries. “I didn't 
have anything to do with [the paper], 
and it’s hard. I always assumed it was 
like having your kid grow up and start 
dating and get married. You don't 
always want it to happen, except you 
know it should happen.” 

But Brown is focusing on other 
things. One of his near-term goals 
is to restart the search for dwarf 
planets with more advanced digital 
technology. “It's hard to justify doing 
the entire survey again, except each 
one of the big bright [objects] is just so 
interesting that it's worth going and 
finding out if they're there.” @ 


www.spaceanswers.com 


“Each of the objects 
is So interesting that 
it's worth finding 
out if they're there” 


California Institute of Technology 
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A trans-Neptunian orbit 


Planetary racetrack 
The planets in our Solar 
System orbit in the same 
‘plane’ around the Sun. 


Pluto's orbit 

Dwarf planet Pluto has an 
orbit that is highly tilted 
to the planets in our Solar 
System. This is typical of 
trans-Neptunian objects. 


Eris's orbit 

Eris’s orbit is more 
extremely tilted. It takes 
560 years to make one 
orbit around the Sun. 
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figured Dysnomia is about 200 
times fainter than Eris. Brown 
estimates Dysnomia is about 
100km (62 miles) in diameter, but 
that could range as high as 250km 
(155 miles). There is no direct 
evidence showing what Dysnomia 
might be made of. However, 
Brown suspects it is mostly made 
up of frozen water, based on 
similar objects he has studied. 
Dysnomia's discovery is 
important because it appears that 
most of the largest Kuiper belt 
objects have moons. This implies 
they all had similar origins, which 
would give us a window into the 
early years of our Solar System. 





Eris and its moon, Dysnomia, ina 
WM Keck Observatory image from 
2007. Its high density implies Eris 
must be partly made of rock 
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FutureTech Inflatable spacecraft 


Could these 
expandable habitats 
soon be destinations 


for astronauts in 
Earth orbit? 


This is not some crazy idea or ridiculous flight 

of fancy; inflatable spacecraft have already been 
tried and tested, and it will not be long until the 
International Space Station is joined by these rather 
more expandable brothers and sisters in Earth orbit. 

Yes, inflatable spacecraft, as odd as they may 
sound, are actually an incredibly versatile, useful 
and sought after technology, one that will allow us 
to live in comfort in Earth orbit like never before. 
Launching in a compact form before expanding 
in space, these revolutionary pieces of technology 
could allow for more spacious and better protected 
habitats for astronauts of all sorts. 

The first serious concept for such a habitat was a 
NASA project back in 1961, although this proposal 
never flew. Four decades later, NASA again proposed 
such a habitat, known as TransHab, but budget cuts 
saber TONMN HBP LmeL Mee own Ucar ONAL 

Then, in the early 21st Century, a company 
called Bigelow Aerospace bought the rights to the 
TransHab technology. They began working on this 
expandable space station concept, and they are now 
building a full-scale model that will be placed in 
Earth orbit. 

Bigelow Aerospace flew two unmanned inflatable 
spacecraft, Genesis I and II, in 2006 and 2007 
respectively to test the technology. Both had a 
pressurised volume of 11.5 cubic metres (406.1 cubic 
feet), and they were 4.4 metres (14.4 feet) long and 
2.54 metres (8.3 feet) in diameter. 

Inflatable spacecraft like these work by launching 
in a folded, compact design before being pumped 
full of gas such as nitrogen and oxygen in Earth 


Peet eee li 


1. Small payload 
At launch the inflatable 
habitat is stored as a small 
payload aboard a rocket. 





2.Deployment — 
Once in low-Earth orbit 
the payload is deployed 
into space. 


MeV EI o) ogssp (eer 












orbit, where they can expand up to several times 
their original size. The benefits of this are obvious; 
the spacecraft’s smaller launching size means that 
space can be saved on launch before it is inflated in 
orbit. By comparison, all of the ISS’s modules were 
launched in their fully built state, taking up a much 
larger volume on launch. 

Genesis I and II are precursors to Bigelow 
Aerospace’s next venture, BA 330. This giant space 
habitation module will have a mammoth 330 cubic 
metres (11,650 cubic feet) of liveable space, making 
each habitat about one third the size of the entire 
liveable volume on the ISS. The BA 330 habitat is up 







one out. Each: g 
purpose is, could house rae oy 
long-term basis. 


3. Full volume 
Once in space, gas such 
as nitrogen and oxygen 
expands the habitat. 








4.Panels | 
The solar panels are then 


deployed to provide the 
habitat with power. 
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A look at the equipment inside Bigelow's 
BA 330 inflatable space habitat 


Robert Bigelow shows Deputy NASA Chief Lori 
Garver around the plant 
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Pulsars explained 
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Written by Giles ee, 


Uslovars some of 
_ the most powerful 
objects in the cosmos: 
-_-- superdense stellar 
~_ Temnants shooting out 
beams of energy across 
millions of light years. 
And now, astronomers 
| are leafning to use 
. pulsars as tools for 
exploring other aspects 
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One afternoon just before Christmas 
1967, a strange meeting took place 
at Cambridge University’s famous 
Cavendish Physics Laboratory. A group 
of astronomers huddled in the office of 
Professor Antony Hewish arguing over 
how to announce a mysterious new 
discovery: a pulsating radio signal from 
an apparently empty part of the sky 
that might - just might - be a signal 
from an extra-terrestrial civilisation. 

The signal had been discovered by 
Jocelyn Bell Burnell, one of Hewish's 
PhD students, using a revolutionary 
new radio telescope in the fields near 
Cambridge. A 16-millisecond burst of 
radiation, it repeated with a period 
of just 1 1/3 seconds - characteristics 
that suggested it could be no larger 
than a planet. At the time, most of the 
known radio sources in the sky were 
either enormous glowing gas clouds 
or fluctuating quasars associated with 
the central regions of remote galaxies. 
In stark contrast to these, Bell Burnell’s 
precisely timed signal appeared to be 
remarkably compact and distinctly 
artificial - and it presented something 
of a problem for its discoverers, who 
jokingly nicknamed it LGM-1 (short for 
“Little Green Man" - see box). 

This mysterious signal turned 
out not to be a message from an 
alien world, but a first glimpse of the 
extraordinary natural phenomena 
known as pulsars. These superdense 
burnt-out stellar remnants announce 
their presence through a spectacular 
burst of radiation that can be seen 
across many thousands of light years. 
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At their simplest, pulsars are often 
called celestial lighthouses, but they 
could equally be described as cosmic 
particle accelerators. Their brilliant 
emissions are created by subatomic 
particles moving at high speeds 
through powerful magnetic fields 
around rapidly spinning neutron stars. 

When the heaviest stars (with at 
least eight times the Sun's mass) near 
the end of their lives and begin to 
exhaust the supplies of fuel in their 
cores, they first swell to an enormous 
size, becoming huge supergiants 
whose outer layers are only supported 
by the torrents of radiation that flood 
out from the star's core. But when the 
star exhausts the last of its nuclear 
fuel, that radiation is abruptly cut 
off. The star collapses under its own 
tremendous weight, with such speed 
and force that atomic nuclei in the core 
are torn apart into their constituent 
particles - positively charged protons, 
and electrically neutral neutrons 
floating in a ‘sea’ of negatively charged 
electrons. This subatomic soup can 
compress itself into a much smaller 
volume, and continues to shrink until 
internal pressure finally asserts itself. 
As the collapsed core finally stabilises, 
a powerful shockwave ricochets 
back through the star's upper layers, 
generating such immense pressures 
and temperatures that the remaining 
stellar material ignites in a firestorm 
of nuclear fusion that can outshine an 
entire galaxy - a Supernova. 

As this stellar cataclysm gradually 
fades away, a city-sized neutron 


star emerges from the wreckage. 
Despite its name, free neutrons are 
thought to dominate only in the 
heart of this compact remnant. Its 
upper layers contain a variety of 
neutron-rich atomic nuclei, and its 
crust is composed of nuclei alone. 
Neutron stars typically have a mass 
of between 1.4 and five Suns - so 
dense that a single pinhead of its 
material would weigh as much as a 
fully laden supertanker. Their surface 
temperatures, meanwhile, may reach 
more than 1 million °C (1.8 million °F). 

Given their tiny size, you might 
expect neutron stars to be all but 
invisible. After all, white dwarf stars 
(the planet-sized burnt-out cores of 
stars like the Sun) are extremely faint 
despite being so hot. So how can they 
produce such intense radiation? The 
answer, as astronomers Gold and 
Pacini figured out, lies in the dramatic 
nature of the dying star’s collapse. 

All stars have an innate property 
called angular momentum, created 
by their rotating mass. Most also 
have a substantial magnetic field, 
generated by the churning “plasma” or 
electrically charged gas within them. 
When a star's inner regions collapse, 
both of these properties are not just 
preserved, but intensified. Just as a 
spinning ice dancer can speed up 
by drawing their arms in towards 
their body, so the concentration of 
mass closer to the centre of the star's 
rotation causes it to spin far more 
rapidly, rotating up to several dozen 
times per second. At the same time, 
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Pulsars explained 





Alien 
messages 


Jocelyn Bell Burnell famously 
described the first pulsar signal 
as a “bit of scruff” on her charts, 
repeating like clockwork with 

a period of 1 1/3 seconds, and 
moving across the sky in sync 
with the stars. Cambridge 
colleagues confirmed the object's 
existence using a second radio 
telescope. The team now faced 

a dilemma: announce their 
problem signal to the wider 
scientific community and risk the 
onslaught of publicity, or keep 
quiet and see if they could come 
up with a natural solution. 

Bell Burnell worked late that 
night and discovered traces of 
a similar “scruff”. A late-night 
trip out to the radio telescope 
confirmed it - a second signal, 
this one pulsing with a period of 
1.2 seconds. Observations over 
Christmas and early in 1968 
confirmed the second signal and 
revealed two morte. 

The final piece of the puzzle 
came from Hewish's analysis, 
looking for tell-tale shifts in 
radio frequency that would be 
generated by the Doppler effect 
if the source was on a planet 
whose orbit carried it towards and 
then away from us. The absence 
of such changes confirmed that 
the source was stellar rather than 
planetary, and ended speculation 
about “Little Green Men”. 





Although pulsar signals are natural 
phenomena, space scientists have 
chosen to use them in messages to 
aliens. The “starburst” engraved on 
the Voyager probes’ ‘Golden Record’ 
shows our Solar System’s location 
relative to 14 prominent pulsars. 
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Pulsar 
stars: Bell 
Burnell and 
Hewish 


Antony Hewish and Jocelyn Bell 
Burnell built the Interplanetary 
Scintillation Array on 4.5 acres 

of land outside Cambridge. Bell 
Burnell's pulsar discovery came as 
a surprise to everyone, and Hewish 
took some convincing. 

However, by the time he 
announced the discovery in early 
1968, Hewish had a hunch that 
they were linked to compact 
stellar remnants. Within months, 
he was proved right - American 
astronomer Thomas Gold and his 
Italian colleague Franco Pacini 
produced a plausible mechanism 
by which neutron stars could 
generate such strong signals. And 
before the end of the year, US radio 
astronomers announced their 
discovery of a pulsar at the heart 
of the Crab Nebula. 

Hewish and his colleague 
Martin Ryle were awarded the 
1974 Nobel Prize for Physics. Bell 
Burnell's omission from the Nobel 
citation proved controversial 
but she went on to enjoy a 
distinguished career of her own. 





Bell Burnell and Hewish: putting 
pulsars on the cosmic map 
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the magnetic field is magnified to 
become perhaps a trillion times more 
powerful than Earth's. This intense 
magnetism exerts such great forces 
that it can overcome the star’s intense 
gravity, stripping away the electrically 
charged particles that persist in 

the neutron star's upper layers and 
trapping them in spiralling paths that 
accelerate them to tremendous speeds 
before spitting them out along the 
magnetic poles, generating beams of 
radiation in the process. 

The pulsar's distinctive signals arise 
because the magnetic field rarely lines 
up perfectly with the neutron star's 
poles of rotation (just like on Earth, 
where the magnetic poles emerge in 
northeastern Canada and some way 
off the Antarctic coast), With each spin 
of the pulsar, the twin jets of radiation 
and escaping particles sweep a circle 


around the sky like a lighthouse beam. 


And if one of them happens to briefly 
point towards Earth, we see a short, 
intense pulse of radiation. 

This is the basic mechanism behind 
all pulsars, but there are a number 
of important variations. Since those 
first discoveries, pulsars have only 
got stranger and more extreme. Radio 
waves proved to be just the most 


easily spotted element in a spectrum 
of radiation that pulsars emit, ranging 
through visible light up to high-energy 
X-rays and gamma rays. Some pulsars 
emit sudden bursts of radiation, while 
others show ‘glitches’, in which they 
suddenly speed up for a short period 
of time before returning to more or 


less the same rotation period as before. 


Experts speculate that these events 
may be caused by changes in the 
pulsar's internal structure. 

Based on four decades of research, 
astronomers now distinguish between 
three different classes of pulsar. 
Typical pulsars are powered by the 
rotation of the star and its magnetic 
field, and release most of their energy 
as radio waves and visible light. X-ray 
and gamma-ray emitting “magnetars”, 
meanwhile, have magnetic fields 
that are exceptionally powerful 
even for a pulsar, and seem to be 
generated during the neutron star's 
initial collapse. It is the rapid decay 
of this field that powers most of 
their emission. A final class of X-ray- 
emitting “accretion pulsars” exist in 
binary star systems, where they pull 
gas away from the outer layers of their 
companion stars. As this material 
Spirals in towards the neutron star, 


How a pulsar works 
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1. Pulsar off 


Most of the time, a pulsar’s radiation 
beams are directed away from Earth. 





2. Pulsar on b 
As the beam sweeps across Earth, it 
creates a briefly intense radiation pulse. 





Bell Burnell and Hewish pose 
amidst the Interplanetary 
Scintillation Array. This 
groundbreaking radio observatory 
had more than 1,000 antennae 


intense tidal forces heat it up and 
generate the X-ray emission. 

Of course there's no such thing 
as a free lunch in the universe, and 
despite their immense power, pulsars 
are not perpetual motion machines. 
As the magnetic field strips particles 
away from the star's crust to power 
its radiation, the neutron star very 
gradually slows down. Eventually, it 
seems, the rotation slows so much that 
the pulsar mechanism can no longer 
sustain itself and cuts out. As a result, 
the slowest known pulsar has a period 
of roughly 9.4 seconds. 

For this reason, you'd naturally 
expect newly formed pulsars to spin 
the fastest, and indeed the pulsar at 
the heart of the Crab Nebula, at less 
than 1,000 years old, does rotate at 
an impressive 30 times per second. 
But amazingly, some pulsars spin 
even faster, flashing hundreds of 
times every second. These so-called 
“millisecond pulsars” spin far too 
quickly for their momentum to 
have come entirely from their initial 





— 


3. Pulsar off 
As the beam moves, the burst fades 
away, to repeat on the next rotation. 
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Pulsars explained 
Dee 


Anatomy of a pulsar 


Magnetic axis ® ee neies 
The neutron star's magnetic poles are In the so-called “polar cap" model, 
‘a Magnetic field tilted at an angle to the axis of rotation, gamma rays are emitted from 
A concentrated magnetic field so they spin around as the pulsar rotates. above the pulsar’s magnetic poles. 


surrounds the neutron star, 
stripping material from its 
outer layers to create powerful 
ellen eee 












® Cone of radiation 
Radio waves, light and 
other forms of radiation 
emerge along the 
magnetic poles. 








Neutron star ® 
At the heart of a pulsar lies 
the collapsed, superdense 
core of a massive star. 
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formation. In fact, astronomers think 
that they're actually accretion pulsars 
that have “spun up” to their current 
speed by accumulating mass from 
their companion stars. This process 
somehow buries or suppresses the 
magnetic field, weakening the pulsar's 
output but also shielding it from the 
forces that would normally slow it 
down. Thanks to this fountain of 
youth, some millisecond pulsars have 
persisted for billions of years without 
appreciable slowdown. 

Aside from being fascinating 
objects in their own right, pulsars 
are also powerful weapons in the 
astrophysicist's arsenal - they have 
already proved the key to some 
important discoveries, with the 
promise of more in the future. Their 
usefulness is due in large part to 
the precise nature of their signals, 
particularly those of millisecond 
pulsars. By providing such accurate 
clocks, they allow astronomers to 
measure and analyse tiny variations 
caused by a variety of phenomena. 

For instance, the first detection 
of a solar system beyond our own 
came not from a Sun-like star, but 
from a pulsar known as PSR B1257+12. 
In 1992, Dale Frail and Alexander 
Wolszczan identified slight variations 
in its 6.2-millisecond pulse and traced 
them to the influence of not one but 
four planets in orbit around it. 

Perhaps the most intriguing 
prospect for pulsar research, however, 
lies in the field of gravitational waves. 
These hypothetical distortions in 
the fabric of the universe itself arise 
naturally from Einstein's Theory of 
General Relativity, and should be 
radiated by objects in orbit around 
each other. The denser the objects 
and the more extreme their gravity 
fields, the more powerful the waves 
should be. This should mean that in 
theory binary pulsar systems, with 
two neutron stars in orbit around 
each other, should be the strongest 
gravitational wave sources of all. 

And not only are pulsars thought 
to generate gravitational waves, they 
may also be the key to measuring 
them for the first time. As their 
distortions ripple out across the 
universe, they stretch and compress 
space in distinctive ways that affect 
the time light and other radiations 
takes to reach Earth. The precisely 
timed heartbeats of pulsars offer the 
best way of measuring such changes. 
If astronomers can track their early or 
late arrival, it may be the first sign that 
another of Einstein's predictions has 
proved true. @ 
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Pulsars in 
our skies 





The Crab 
Pulsar 


Constellation: Taurus 
Distance from Earth: 
6,500 light years 


1. Neutron star 

The Crab Pulsar is the central 
MUR a MCN Iam) man 
famous Crab Nebula. 


2. Shockwaves 

A high-speed stellar wind of 
particles blowing away from 
the pulsar’s surface forms 
shockwaves as it collides with 
the surrounding nebula. 


RAs ele ircanie 

In this image, observations from 
the Hubble Space Telescope are 
colour-coded in red. 


4. X-ray view 
Radiation detected by the 


Chandra X-ray Observatory is 
colour-coded in blue. 


G54.1+0.3 © 


Constellation: Sagitta 
Distance from Earth: 
20,000 light years 


1. Hot and cold 

This image combines high- 
energy X-ray observations 
(blue) with infrared 
observations (red) from much 
cooler parts of the nebula. 


2. Neutron star 
The central pulsar in this 


supernova remnant is n 


surrounded by a clearly 
defined shockwave. 


3. Infrared emission 
The relatively cool gas and 
dust surrounding the pulsar 
has condensed from the 
original supernova explosion. 








40 
@ 




















www.spaceanswers.com 





pe th 
Ce 


Constellation: Circinus 
Distance from Earth: 
17,000 light years 


1. Central star 

Pulsar B1509 is around 1,700 
years old, and rotates seven 
times per second. 


2. X-radiation 

In this Chandra image, low, 
medium and high-energy 
X-rays are colour coded red, 
green and blue. 


3. Illuminated cloud 


High-energy particles from the 


pulsar collide with the nearby 
gas cloud RCW 839, causing it 
to emit X-rays itself. 





The Vela Pulsar Jet 


Constellation: Vela, Distance from Earth: 1,000 light years 


Pa =a) des) eel 
BU aTeMY(-l Boece CMa) groan aciy a 
persistent object in the gamma-ray 
sky, and the third brightest pulsar at 
visible wavelengths. 


2. Firehose jet 


Following the lines of the neutron 
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star's magnetic field, the pulsar's 
jets wiggle all around like an out-of- 
control firehose. 


3. Hot gas 

The hottest regions of the surrounding 
nebula appear yellow and orange in 
this Chandra X-ray image. 
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DEM L 190 


Constellation: Dorado, Distance from Earth: 180,000 light years 


1. Supernova remnant 2. Extragalactic pulsar 
Pulsar DEM L 190 is still surrounded by Located in the Large Magellanic Cloud, 
a shredded supernova remnant about this pulsar is one of the most distant so 
30 light years across. far detected. 
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LOFAR is the Low-Frequency Array forradio astronomy, 
built by the Netherlands astronomical foundation ASTRON 


LOFAR: pulsar 
secrets revealed 


Dr Tom Hassall tells use how radio telescopes can tell us 
more about the extremely precise signals from pulsars 


You're a postdoctoral researcher 

at the University of Southampton, 
working on the detection and 
measurement of pulsars and other 
‘radio transients’. What first got you 
interested in pulsars in particular? 
Pulsars are strange even by astronomical 
standards. They weigh more than the 
Sun, but that mass is squashed into an 
area the size of a city. Inside their cores 
a superconducting superfluid sea of 
neutrons generates a magnetic field 10 
billion times stronger than that of the 
Earth. 

What can these cosmic lighthouses 
tell us about the universe? 

By timing when the pulses arrive at 
Earth, we can measure the rotation of 
the star. This rotation is extremely stable, 
SO We can get a clock signal, which 
keeps time with the same precision 

as an atomic clock. The pulsar clock is 
sensitive to very small perturbations 

of the distance between the pulsar and 
the Earth, so if the distance changes we 
can see it through the pulsar signal. One 
of the ways this distance can change is 
if a gravitational wave passes between 
the observer and the pulsar. Timing 
pulsars could lead to the first detection 
of gravitational waves. 

Why is the LOFAR telescope special? 
“Traditional” radio telescopes use 

large dishes to collect radio waves and 
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reflect them towards a receiver. The 
larger the dish, the more radio waves 
you can collect and the more sensitive 
your telescope is. However, as we try to 
detect fainter and fainter sources it is 
becoming too difficult and expensive 
to keep building larger and larger 
dishes. LOFAR uses a radically different 
design, combining the signals from 
thousands of small antennas using a 
Supercomputer to create a very large 
“virtual” dish with unprecedented 
sensitivity. LOFAR also observes at 

the lowest frequencies observable 

from Earth. This frequency range is 
relatively unexplored, and we are hoping 
to find sources that cannot be seen at 
higher frequencies. For example, one of 
LOFAR's main science goals is to probe 
the “Epoch of Reionisation”, when the 
first stars and galaxies began to form. 
And why is it that this low-frequency 
range has been so underexplored? 
We simply didn't have the technology. 
LOFAR can produce up to 30TB of 

data per hour, so the computational 
power needed to combine the stations 
has really only been achievable in the 
last few years. That has been one of 

the major challenges in designing and 


building LOFAR. For pulsar-specific 
observations, there are other challenges. 
The Interstellar Medium (the stuff 
between stars) interacts with the radio 
waves as they travel towards Earth, 
delaying and broadening low-frequency 
emission with respect to high frequency 
emission, so the signal we receive is 
“swept” in frequency. Because pulsars 
produce pulsed signals, this then 
confuses our observations. 

But your work involves putting some 
of these disadvantages to good use? 
If you are interested in studying the 
Interstellar Medium (ISM), then by 
studying how the pulsed signals are 
altered by their journey to Earth, we 

can deduce things about the interstellar 
environment. Recent observations with 
LOFAR have shown that the ISM is not 
as “clumpy” as we first expected. And of 
course, by studying these effects at low 
frequencies, we also understand them 
better at high frequencies. 

A better understanding of the 
interstellar medium can add 
precision to measurements of the 
pulsars themselves? 

Yes, that’s right. The way we study 


“LOFAR observes at the lowest 


frequencies from Earth" 





pulsars is through timing exactly when 
their pulses arrive at Earth. The delays 
we see in the LOFAR band are still 
present at high frequencies, but they 
are much more subtle. To time pulsars 
with the high precision needed to detect 
gravitational waves we need to account 
for these “extra” delays very carefully, 
and studying the ISM with LOFAR will 
enable us to do that. 

Has LOFAR changed our view of any 
known pulsars? 

I would definitely say that it has. 
Originally, we thought that high- 
frequency pulsar emission came from 
somewhere near the surface of the 

star, and low-frequency emission came 
from much higher up in the star's 
magnetosphere. If this were the case, 
we would expect to see a delay in the 
high frequency emission (in addition 

to the delay from the ISM mentioned 
earlier) because the high frequency 
emission comes from further away from 
the Earth. We took observations with 
LOFAR (together with observations 
from the Lovell telescope and the 
Effelsberg 100-m telescope at higher 
frequencies) and found that once the 
ISM delay had been removed, pulses 
from all frequencies arrived at the same 
time, showing that all of the emission 
must come from within 400 km (250 
miles) of the star's surface. 

Where do you see pulsar research 
going in the next couple of decades? 
There are a lot of unanswered questions 
in pulsar astronomy. But I think the next 
big discovery in pulsar astronomy will 
be the detection of gravitational waves. 
That will be huge. We will finally be able 
to tell if Einstein was right, and in the 
future, I could even envisage pulsars 
becoming “observatories” in their own 
right. They will be used as makeshift 
telescopes to observe and identify 
sources of gravitational waves through 
their gravitational wave emission. 
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YOUR QUESTIC 
ANSWERED BY 
OUR EXPERTS 


Giles Sparrow 


ate Science journalist 
© , [| Miles Sparrow 
studied astronomy 
= * at UCL, and science 
the. ‘ communication at 
Il 
in Imperial College. 


a He is now a popular 
astronomy and space author. 


Gemma Lavender 

Science journalist 

0 @e@mmaholdsa 
degree in Astrophysics 
and has worked as a 
science journalist for 
three years. She was 
recently elected asa 
fellow of the Royal Astronomical Society. 





Jonathan O' een 

Senior Staff Writer 

(| Mibnathan 

read Physics and 

j Astrophysics before 
r becoming a writer on 

our sister publication 
=* How It Works, where 
he specialised in space science. 
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® Apogee 
This signifies the e& 
farthest distance of 
the Earth from e 


the Moon 
¢ 
¢€ 





L ® Ecliptic Plane 
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of light, we would. need to travel 

at a velocity that exceeds a billion 
kilometres per hour and, according 
to our understanding of the laws 
of physics, nothing can exceed this 





a Perigee ® 
The closest point to the 
Earth and is when the 
Moon appears largest 





Update your knowledge at 
Wwww.spaceanswers.com 
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our way is that we have mass and, in 
order to shift us and our spaceship 
to exactly the speed of light requires 
an infinite amount of energy - 
impossible to acquire. Quite recently, 
scientists working at the CERN 
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For us to travel faster than the Sj alerere | 
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and failed to get man tastitecmdsts 
lightest known particles in the 
Universe, to exceed the speed of 
light. Imagine how difficult it would 
be for us to travel at a velocity of 
over 186,282 miles per second! GL 


How much of the 
Moon's surface can 
we see from Earth? 


Leonard Logan 

It is easy to think that, in its captured 
rotation, the Moon always keeps the 
Same hemisphere turned towards the 
Earth and as a result we see 50% of 
the lunar surface. However, since the 
Moon's motion is quite complicated, 
we are able to see a little way around 
the east and west limb and over the 
north and south poles upping the 
percentage to 59%. Astronomers call 
this extra 9% of the lunar surface 

the libration zones, caused by the 
slightly elongated orbit of the Moon 
around the Earth, causing the Moon 


cy 


to gently wobble in the Earth's sky. If 
you take a look at the Moon with a 
telescope or binoculars, you will notice 
that observing and even identifying 
formations in this zone is far from 
easy, since craters and other such 
features are foreshortened and seen 
highly edge-on. While this ‘uncharted 
territory’ has been photographed in 
detail, observing it is still a challenge 
and if you look hard enough you'll get 
to see a section of the Moon that not 
many amateur astronomers and casual 
lunar observers have seen. GL 
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What's the most successful 


rocket of all time? 


Gerald Church 

According to your criteria, the most 
successful rocket would be the 
Atlas II, used by NASA and the US 
Department of Defense. Derived 
from the Atlas missile program of 
the 1950s, the Atlas IT was developed 
following several failures of its Atlas 
I predecessor in the late 1980s, and 
operated in three variants between 
1991 and 2004. It completed 63 
successful launches with no failures 
before retirement - a 100 per cent 
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success rate with payloads that 

included the SOHO solar observatory. 
The Atlas II is in fact the only 

widely used launch vehicle with 

100 per cent success. The US Delta 

II comes close, with 150 successes 

out of 151 launches since 1989. In 

contrast the oft-cited Soviet/Russian 

‘workhorse’ Proton rocket, which 

has been launched hundreds of 

times in various configurations, has 

experienced a number of failures, 

including four in the past decade. GS 
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Marjorie Allworth 
In the present-day universe, black 
holes are formed from the collapsing 
cores of massive stars during 
supernova explosions. With a mass 
of perhaps five Suns or more, the 
core of such a giant star has such 
powerful gravity that, when the 
nuclear reactions that have previously 
supported it falter and die, it collapses 
under its own weight with enough 
force to shred its atoms into subatomic 
particles. The end result is a tiny point 
with enormous mass (a singularity), 
whose gravity is so powerful that 
nothing, not even light, can escape. 
One theory is that all black holes 
originate in this way, and so the first 
black holes could not have formed 
until after the first generation of giant 
stars (perhaps 300 million years after 


the Big Bang). According to this model, 


the first black holes acted as nuclei 
for the creation of galaxies, drawing 
in raw star-forming material from the 
universe around them and growing 
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When did the first black 
hole form in the universe? 


in size to become the ‘supermassive’ 
black holes, with the mass of millions 
of Suns, that lie at the core of many 
galaxies. In 2011, NASA's Chandra X-ray 
Observatory confirmed the presence 
of growing black holes in the heart of 
many distant, ancient galaxies. 

But another theory is that the 
first black holes were born in the Big 
Bang itself, some 13.7 billion years 
ago. Supporters of this idea suggest 
that in the first moments of creation, 
pressures and temperatures were so 
great that slight fluctuations in the 
density of matter could create black 
holes spontaneously, which could 
then have acted as the seeds for 
later star and galaxy formation. The 
big issue with this is that it should 
create black holes across a range 
of sizes. Very small black holes are 
understandably hard to detect, but the 
predicted ‘intermediate-mass’ black 
holes, midway between the stellar 
and supermassive types, are so far 
conspicuous by their rarity. GS 


What exactly is a light year? 


Rob Welsford 


A light year is a very large unit of distance - big enough for astronomers to 
use in contexts where everyday units become meaningless. It's defined as the 
distance that light - the fastest thing in the Universe with a speed in vacuum 
of 300,000 kilometres per second (186,000 miles per second) - can travel ina 
year. Once you work out the multiplication, that’s roughly 9,500,000,000,000 
(9.5 trillion) kilometres, or 5.9 million million miles. To put it another way, if 
the Earth was a sphere just a centimetre across on this page, then a light year 
would be the distance from London to Caracas, Venezuela. GS 











Willthe ~ 


# Moon ever 
4m \eave Earth's 
orbit? 


David Doran 


@. SOLAR SYSTEM 
e Astronomy books are fond of 
Why 1S quoting the fact that the Moon 


is gradually spiralling away from 


Uranus Earth. This is the flipside of the 


tidal forces that our satellite 


colder than imposes on Earth. Tidal bulges 


raised in our planet's oceans by 


Ne tune? the Moon's gravity, pull back at 
p . the Moon and cause it to speed 
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up, which raises it into a higher 


1 b | = rc at an average orbit. At present, the Moon gets 
Is It etter tO SaVe TNOoney distance of 2.88 billion kilometres SERRA Cereb eo lee 


every year, and it was much closer 


onaGoTomountandgo “2a. ae 


, But the Moon's outward spiral 
kilometres, you would expect 


for d big Per SCOD e? Neptune to be the coldest, but ey irae ee Pra oe 


you'd be wrong. Uranus is very 





A. Fritz cold/and very dim, but why? forces get weaker. This alone 

It depends on how much experience be more efficient and only a little There are two possible answers, Se be enough to ee 
you've got as an astronomer, and what more expensive. Another point to One is that Uranus seems to have role) NIKO LODO =a Voli LaeNVATe Me) AOI 
kind of alternative you're looking at. think about is that a forkshaped GoTo Weal eisalenl cate. canta around Earth completely without 
GoTo mounts offer a faster way of mount is more compact than the Fecee need auncan ron intin intervention from some outside 
pointing your telescope towards a heavy counterbalanced cradle of a its core to spill out into space. ree rauslolanlaas roe to consider 
particular object, and for beginners traditional equatorial. Alternatively, some astronomers is that the Moon's tidal pull 

may make the difference between The convenience of a GoTo will point the finger at the ice giant's SO down Earth's lot by 2 
finding the target and giving up probably outweigh any small saving incredibly energetic atmosphere Se re eee er 
in frustration. If you've got more on a larger telescope. The exception during the planet's equinox where Sie time, it will eventually 
experience and understand celestial is a Dobsonian; these no-frills ‘light it is most lively. It is here that slow it so that Earth takes a 
coordinates, then you'll probably be buckets’ have simple ‘alt-azimuth’ SHEE CIC EO EE OE al month to rotate (however long 
able to use a traditional ‘equatorial’ swivel mounts and are one way to buy atmosphere could be oozing heat. da ee eae may be by rl ct 
telescope mount to find targets, and a lot of light-gathering power for the Unfortunately we will have to a this role ee will be fixed 
a clock drive or hand controls to cost of even a small Equatorial or GoTo wait for many more missions to with one side facing towards the 
keep pace with their movements. scope. But read up in more detail, since peer nemo ra: Moon, just as the Moon is already 
However, a GoTo mount will probably they're limited in their uses. GS fixed with one side facing towards 


Earth. At this point, Earth's tidal 
bulges will become ‘frozen’ in 
place, and incapable of influencing 
either Earth or Moon 


What will happen when the fi} - 
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ISS is decommissioned? 


Carol Gleason Roskosmos, in 2011. “It can't be left 
Current plans call for the International — in orbit because it’s too complex and 
Space Station to be decommissioned heavy. It could produce a lot of junk." 
in 2020, which is still an extension of Such debris could either remain in 
five years on the station's originally orbit, presenting a threat to future 
planned lifespan. satellites and spacecraft, or crash to 
Unfortunately as the largest object Earth. The most likely method of 
so far put in orbit around Earth, the decommissioning will be to send up 
420-ton ISS presents a major threat one of the European Space Agency's 
if its orbit is allowed to deteriorate Automated Transfer Vehicles or 
unmanaged. “After the ISS completes another unmanned ferry spacecraft, 
its mission, we'll have to sink it,” equipped with enough fuel to push the 
declared Vitaly Davydov, deputy Station into a planned re-entry, most 
head of the Russian space agency likely over the Pacific Ocean. GS 
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What would happen if 


SETI found an alien signal? 


Mark Parsons 

Detecting a signal would be a massive 
find and something the Search for 
Extraterrestrial Intelligence (SETI) 
Institute have been searching for for 
decades. If such an occasion arose, 
SETI has put a protocol, constructed 
by an international group of SETI 
scientists, in place. Once detected, 
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What is the smallest 
size a Satellite can be 
classed as a moon? 


Richard Mark West 


The astronomical community has never really got around to 
making a formal definition of what makes a moon (they only 
came up with a formal classification for planets in 2006)). 
So as it stands, a moon is simply any natural body in orbit 
around a planet or other non-stellar object (so asteroids can 
have moons, and it's even possible for a moon to have its 
own moon, although none have been discovered so far). 
Known moons in our Solar System range in size from 
Jupiter's giant satellite Ganymede (larger than the planet 
Mercury at 5,262.4 kilometres or 3,269.9 miles in diameter) 
down to small bodies less than 10km (6 miles) across. Jupiter 
has at least 50 of these tiny satellites, Saturn at least 36, and 
many more certainly await discovery. These smaller moons 
are mostly a mix of captured asteroids and comets in long, 
eccentric orbits around their planets, and ‘shepherd moons’ 
whose gravity helps regulate the structure of planetary rings. 
Of course, each one of the tiny orbiting fragments that 
make up the rings themselves is technically a satellite, but 
so far astronomers have not decided to start naming them 
individually, and true ‘moons’ are restricted to those orbiting 
in relatively empty surroundings. The term ‘moonlet’, 
meanwhile, usually refers to larger, perhaps temporary, 
structures found inside the body of the rings, but is also 
sometimes used to refer to natural satellites of asteroids. GS 
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the discoverers would need to verify 
that the signal is extraterrestrial and 
artificial rather than some kind of 
manmade interference or natural, 
cosmic static. The original detectors 
of the signal should notify not just 
the scientists who put together 

the protocol, so that they can 
independently check it, but should 


Miranda 
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also inform the national authorities. 
And it doesn't stop there - next the 
world’s astronomers are notified, who 
then use every available telescope to 
study the source of the signal. If the 
signal is confirmed to be that of alien 
communication, then the finding is 
spread to scientific channels along 
with the media. GL 
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Quick-fire 
questions 


@spaceanswers 


What is the most 

common instrument on 

a space probe? 
Every space probe is tailor-made 
for a task so it’s hard to generalise, 
but aside from cameras, the most 
common are magnetometers for 
measuring magnetic fields, and 
particle detectors for analyses. 


Who were the tallest and 
shortest astronauts? 
The tallest and shortest astronauts 
to reach space so far are both 
American. The tallest is 193cm 
(6ft 4in) Jim Wetherbee, while the 
shortest is Nancy Currie, at 152cm 
(5ft) tall. 


What's the smallest 

rocket to make it to the 

Moon? 
The smallest rocket used to 
launch a vehicle that reached the 
Moon was the US Juno-II. This 
four-stage rocket was 21 metres 
high and launched the tiny (6.1 
kg/13.4 Ib) Pioneer 4 probe on its 
lunar flyby in March 1959. 


What was the first 

camera in space? 
The first camera to technically 
reach space was a 35mm movie 
camera mounted aboard a 
captured German V-2 rocket 
during a US Army test launch in 
1946. None of the very first Earth 
Satellites carried cameras, but the 
Soviet Luna 3 spaceprobe carried 
a system that ‘faxed’ pictures of 
the Moon's far side back to Earth 
in October 1959. The first TV 
camera to beam back pictures 
of Earth from space was carried 
aboard NASA's TIROS-1 satellite, 
launched in April 1960. 


How do Curiosity's 
wheels turn? 
Each of the six wheels has its own 
independent motor and gearing 
system, mounted on a ‘rocker- 
bogie’ suspension frame that 
allows the wheels to move 
up and down while keeping 
Curiosity level. This makes the 
rover very reliable and helps 
insure against failures. 













Quick-fire 
questions 


@spaceanswers 





Do they have a shower 
on the ISS? 
It isn't possible to have a standard 
shower on the ISS. Astronauts 
keep themselves clean by using 
sponge baths. These contain water 
that they have recycled - some 
of which is from the condensed 
sweat and breath of crew 
members and laboratory animals. 


How long does a solar 
eclipse last? 
The length varies depending on 
the distances between the Moon 
and the Earth and the Earth 
to the Sun as well as the type 
of eclipse; is it a partial or total 
eclipse? In general, totality (where 
the Sun is completely blocked out 
by the Moon) takes anywhere up 
to 7 minutes. 


Why is it that the sky 

turns red at sunrise and 

also at sunset? 
Air molecules and dust in the 
atmosphere typically scatter blue 
light from the Sun more than 
other colours - that's why the 
sky appears blue during the day. 
However at sunrise or sunset, 
the Sun's light is having to pass 
through more atmosphere to 
reach our eyes. This atmosphere 
favours the increased scattering 
of red light, and is the reason why 
sunrise or sunset often produces 
fiery skies. 


What's the brightest 
man-made place visible 
from space? 
There's some argument over 
whether the Great Wall of China 
is visible from space or not but 
the brightest place is the North 
American city, Las Vegas. 


How many spacecraft 
have landed on the Moon? 
In total around 37 (mostly from 
the USA or the USSR) either 
landed or crashed onto the 
surface of the Moon. 








Why do galaxies spin? 


Andy Meadows 

In the early stages of the universe, 
clouds of gas came together to 
form the stars. These were then 
gravitationally attracted to each 
other to create gigantic clusters of 
stars enshrouded in clouds of gas. 
Eventually these groupings come 
together through the attraction of 
gravity and start to spin around a 
common centre of mass. Picking 
up speed, the rotation squashes 
the clusters of stars flat forming a 


A close-up ofa meteorite ©. 
that fell to Earth | 


on DA Ste 


disc with a bulge at the centre. This 
spinning of galaxies continues even 
after their formation. Our Milky Way is 
one of these spinning structures and 
its entire disc of stars, gas and dust 

is rotating at around 168 miles per 
second. Due to our galaxy’s rotation, 
our Solar System appears to orbit the 
galaxy every 225 million years - the 
last time we were in the same place in 
our orbit, dinosaurs were just starting 
to appear on the Earth. GL 
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Do asteroids have multiple 


minerals in them? 


Timothy Pederson 

Yes, and space enthusiasts are keenly 
exploring the prospects for exploiting 
these in the future. Formed from 

raw materials left behind during the 
formation of the solar system, asteroids 
have a range of compositions. Some 
‘carbonaceous’ ones are more-or-less 
unchanged masses of raw material, 
others are broken-up chunks of larger 
bodies that went through a phase 

of separating and processing their 
materials. Metallic or M-type asteroids, 
which are thought to be fragments 
from the core of these planetesimals, 


are perhaps the most valuable 
asteroids of all, containing billions of 
tons of useful nickel iron and precious 
metals. What's more, unlike most 
metal deposits on Earth, this material 
can be mined in an almost pure state 
without need for complex refining. So 
although mining an asteroid in space 
would be a complex and expensive 
task, it offers some intriguing 
possibilities - especially for space- 
based construction projects where the 
materials would otherwise have to be 
launched from Earth. GS 



























Who 
made 
the first 
Space 
walk? 


Danny Hawkes 

The first person to perform an 
Extravehicular Activity (EVA), also 
known as a spacewalk, was Russian 
Alexei Leonov (pictured bottom) 

on 18 March 1965. Connected to his 
Voskhod 2 spacecraft by a tether 
5.35 metres (17.55 feet) long, he 
remained in the vacuum of space 
for 12 minutes and nine seconds. 

It had not been anticipated how 
much his spacesuit would inflate 

in space, however, and he struggled 
to get back through the airlock. 
Fortunately, by opening a valve and 
releasing some pressure he was just 
able to squeeze back in. 

The first American spacewalk 
(pictured top) was Ed White a few 
months later on 3 June 1965 during 
the Gemini 4 mission. He enjoyed 
the experience so much that, upon 
re-entering the spacecraft, he 
commented: “This is the saddest 
moment of my life.” JOC 
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What are the biggest 
Spacecraft of all time? 


Alan Pearce 

The largest spacecraft ever built can 
be seen orbiting our planet in a low 
Earth orbit with our very own eyes in 
the night sky - it is the International 
Space Station (ISS). Maintained at 
an orbital altitude of between 205 to 
255 miles, the ISS completes around 
15.7 orbits per day. The habitable 
satellite, whose first component of 
its modular structure was rocketed 
into space back in 1998, weighs in at 
approximately 45,00O0kg and has a 
length of around 73 metres, a width 
of just over 100 metres and a height 
of 20 metres. The artificial satellite 
serves as a microgravity and space 


environment research laboratory for 
its crew members where experiments 
encompassing the disciplines of 
biology through to astronomy and 
meteorology are conducted. Situated in 
orbit for the testing of spacecraft and 
equipment required for missions to 
Mars and the Moon, the ISS has been 
occupied for just over 12 years. While 
the ISS is capable of holding a capacity 
of six astronauts, there are sometimes 
three crew members onboard. The ISS 
programme is jointly owned by five 
Space agencies: the Russian Federal 
Space Agency, JAXA, ESA, CSA and 
NASA, and should be in operation 
until at least 2020. GL 
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How worlds are formed from 
clumps of cosmic dust 
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Will we ever reach our 
neighbouring stars? 
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10 great 


sights on Saturn the sky 
Don't miss the amazing stellar 
sites of January/February 


The best viewing for the 
ringed planet 





What's in 


Learn how to 
star hop 


Find your way to deep sky 
objects with this technique 


\ GUIDES AND ADVICE TO GET STARTED IN AMATEUR ASTRONOMY 


Me and 


my telescope 
All About Space readers show 
off their equipment and results 


10 Great sights 


on Saturn 


Saturn is probably the most beautiful and eye-catching of 
all the planets of the Solar System. Here are just 10 of the 
reasons we think you'll agree... 


If you are an early riser you will be 
able to see the planet Saturn shining 
low in the south-east before dawn. It’s 
quite bright and has a slightly yellow 
hue. If you ever get the chance to 
look at it through a telescope the first 
thing you'll notice is the rings. They 


are stunning and at the moment look 
quite ‘open’ to us. Even a fairly small 
telescope should show them well. If 
you can drag your eye away from the 
rings, though, take time to look at the 
planet itself. You might be able to see 
that the disc looks a little uneven. This 


is because Saturn has cloud belts not 
unlike its neighbour Jupiter, although 
they are not as pronounced. Then 
remind yourself that you are looking 
at an object which lies nearly a billion 
miles from us and is over 9 times the 
diameter of Earth! @ 





The Cassini Division 


Other moons 





Astronomy 


kit reviews 
The best in starter telescopes 
and accessories revealed 


Ammonia 
ice 

The same chemical you might 
use for cleaning surfaces, but in 


Saturn's atmosphere it’s frozen 
and in vast quantities. 


Voyager 
probes 


Two probes which were 
launched in the late 1970's to 
fly past the outer planets and 
take photographs. They made 
many remarkable discoveries on 
their journey. 


transit 

When a moon of a planet casts 
a shadow on the surface of the 
planet, it slowly moves across 


the disc as it orbits. This is 
known as a ‘shadow transit’. 


Cloud belts 


Saturn does not have a solid 
surface. It is made of gases, 
some of them frozen and these 
gases rotate around the planet as 
it spins on its axis. This rotation 
causes the gases to form into 
‘belts’, which we can see as 
having slightly different colours. 


Aurora 


When charged particles from the 
Sun meet a planet's magnetic 
field they get funnelled along 
the magnetic field lines at the 
planet's poles. Once they strike 
the upper atmosphere they 
cause it to fluoresce. 


Vortex 


A powerful spin set up in a gas 
or fluid around an axis, rather 
like the effect when stirring a 
cup of tea! A hurricane is a type 
of vortex where clouds swirl 
around the ‘eye’ of the storm. 




























































® Shadow transits 
Size: Several hundred 
kilometres. 
Type: Shadows cast by the 
moons falling on the disc 
of Saturn. 
Appearance: These can 
only be seen when the 
rings are edge-on to us 
here on Earth. Because 
Aa CM SARA 
events, but fascinating to 
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Es 
® Moons 
Size: From less than 1Km to 
5,151Kms in diameter. 
Type: Made mostly from ice, 
dust and rock. 
Appearance: Saturn has over 
60 main moons, ranging 
Kou U-RU RAST een t= 
very large. It is possible to 
see around six through an 
amateur telescope, with 
Oe] am (Ua em ele 2x=0-1 9m l=) arom wal 
most obvious. 
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STARGAZER 
10 Great sights on Saturn/ 


® The cloud belts 
Size: The whole planet. 
Type: Mostly ammonia ice. 
Appearance: Although much fainter and broader 
than the cloud belts of Jupiter, Saturn's clouds 
take on a yellowish-brown hue and are visible 
through moderate-sized amateur telescopes. 
They encircle the planet from the equator to the 
poles and sometimes spring surprises... Spots and 
swirls have been seen and photographed in these 
amazing frozen clouds. 


® Spokes 

Size: Variable - can be up to several 

thousand kilometres. 

UY eX=Ha cles Meee EMU =M alla se 
Appearance: The ‘spokes’ in the rings look like 
ar] a (clam nat-la (lay ole) alaiatea-\ CN MKe LEMME eM 8) laCsle 
and rotate as Saturn spins on its axis. They 
come and go and it's thought they're connected 
with Saturn's magnetic field. They were first 
discovered by the Voyager probes and cannot 
easily be seen with Earth-based telescopes. 


® Aurora 
Size: Variable around the 
planet's poles. 
Appearance: Earth is not the 
only planet to experience the 
northern and southern lights. 
Charged particles from the Sun 
get caught up in the magnetic 
field of Saturn and are 
channelled down towards the 
top of the planet's atmosphere, 
Causing it to glow in a ring, just 
as it does on Earth. 


® The planet's shadow 
Size: Over 50,000Kms across. 
Appearance: Saturn casts a 
shadow onto the rings opposite 
the sunward side of the planet. 
MRT NALS) OMSL 
telescopes. As the planet 
moves in its orbit relative to 
us and changes its angle of tilt 
over time, this shadow can be 
more or less pronounced. 


ew 

Size: 364,900Kms in 
ales 

Type: Various-sized 
particles made almost 
entirely of water ice. 
Appearance: Although 
the rings look solid, they 
are made from lumps of 
ice varying in particles 
the size of sand, to many 
meters across. Due to how 
the planet orbits the Sun, 
the rings appear to open 
and close over a period of 
around 18 years. 





Shepherd moons ® 
Size: Up to 136Kms across. 
Type: Made from ice and dust orbiting 
within or just outside of the ring system. 
Appearance: Too small to be seen in Earth 
based telescopes, the ‘Shepherd moons’ of 
Saturn's rings sculpt the rings, giving them 
a hard edge and keeping them in order. 


Size: 1,500Kms in diameter. 
Type: A huge hurricane of 
enormous proportions. 
Appearance: A massive storm 
raging around the north pole has 
recently been discovered by the 
Cassini probe. It's a huge vortex 
blowing in the atmosphere at over 
1,100 miles per hour. 









renee PVC 
Size: 4,700Kms wide. 
Type: A thin, sparsely populated ring. 
Appearance: A dark ring around the planet 
ar) mee) nel Mane Cem cM l eer) marl 
the other more rings. Discovered by the 
Voyager space probes in 1980 and 1981. 
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What's in the sky? 


Cone eler-lalnleMe)b AMG OSC hcM LON Oo IUINIROI mel /UNeIsmmcle- IMA Velens 
new year's viewing with this selection of fantastic night sky sights 


Open cluster M67 ©— eye ERE ED 


Viewable time: All through the hours of darkness Viewable time: Nearly all night 
Messier 67 is a faint but fascinating open cluster of stars in The Crab Nebula is the first object in the French astronomer 
the constellation of Cancer the Crab. It shows up as a misty Charles Messier’s catalogue, which was compiled in the 1700s. 


The Crab Nebula is a supernova remnant, the remains of a 
star which blew itself apart and was seen by people in 
1054 AD even in the daylight as it was so bright. 
It is quite dim now and can be quite tricky 
to find, but if you have a telescope of 
around three-inch aperture or larger, 
see if you can spot this amazing 
misty patch of light. 


patch in binoculars, but a telescope will resolve most of the 
stars. What is especially interesting about this object is 
that it contains over 100 stars similar to that of 
our Sun and of around the same age. The 
M67 star cluster lies between 2,600 and 
2,900 light years away, making it 
one of the nearest old open star 
clusters to us. 
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Christmas 
Tree Cluster 
(NGC 2264) 


Viewable time: All through 

the hours of darkness 
This is a lovely cluster of stars which is associated 
with a nebula. The nebula is called the ‘Cone’ and the 


rete 
M47 

Viewable time: All through 
the hours of darkness 

This is an attractive open cluster of stars 

in the constellation of Puppis. This is part of the 
now defunct constellation of Argo Navis. The cluster 





lays quite near the star Sirius, the brightest star in the Northern Christmas Tree Cluster is seen above it so the ‘tree’ is 
sky, and contains around 50 stars. It shows up well in h isph upside down in most pictures. The star cluster is quite 
binoculars or a small telescope at low magnification. It emisp ere bright, but the Cone nebula is much harder to see. You'll 
is thought that the cluster is about 78 million years old be able to see the cluster in binoculars and it looks great 
and is around 1,600 light years distance. in small telescopes at low power. 
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Me & My 
Telescope 


Send your astronomy photos. and 
pictures of you with your telescope 





to photos@spaceanswers.com and -—* 


we'll showcase them every issue 




























Pra esi tiie lie 
"anna Telescope: 
7 Celestron CPC-800 
_ “The telescope I'm 
Beeler mes osres) 
1 CPC-800 eight-inch 
reflective telescope with 
“i "3 a specially manufactured 
equatorial mount (milburn-wedge). I use 
DSLR cameras like the 7D and the 5D MK 
III connected to the telescope for taking 
pictures of the Moon and nebulae. For 
viewing the Sun, I use special solar filters. 
I mostly use the 4x and 2x Powermate 
lenses for enlarging the subjects. They 
have given many good results. 

“The photo of the transit of Venus was 
taken at sunrise through the telescope 
without a solar filter. The telescope was 
in solar tracking mode and I managed to 
capture the gradation from dark red to 
yellow. Later on when the Sun came up 
higher, I put on the solar filter.” 
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oiittep atti MeO 54 
= Telescope: Skywatcher 
; 127mm Maksutov 
“My best images are 
of Jupiter, taken on 18 
November. No piece of 
equipment used cost 
gaa.™ more than £500, so all 
affordable stuff and many were taken 
with a compact digital camera only.” 





Contact us at... ©) @spaceanswers @ /AllAboutSpaceMagazine © questions@spaceanswers.com 
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& My Telescope/ | 


Matthew Robinson, 
UK 


Telescope: 
Skywatcher 
Heritage 130P 

“T have a Skywatcher 
Heritage 130P. Since 
I've had it I really 
enjoy looking at 

the many phases of the Moon as 

well as Jupiter and its moons. I am 
particularly looking forward to the 
Geminid meteor shower in December 
(at Kielder Observatory) and Saturn 
rising at dawn.” 





Stephen Taylo 


Telescope: Sky-Watcher BK707AZ2 
“IT used my Panasonic Lumix camera mounted 
to my Sky-Watcher BK707AZ2 telescope with — 
a 25mm lens to capture my first ever piece of 
astrophotography. I'm a subscriber and keen 
reader of your magazine and would love to 
see my picture of the moon published. My 
niece Ciara, like me, loves the night sky and I 
have been teaching her all about it. I like to view the moon and 
planets, mainly Jupiter. I'm amazed and consumed by its four 
Galilean moons Io, Europa, Ganymede, and Callisto.” 
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Hiow to 
Star hop 


If you've ever wanted to know how to 
find your way around the night sky 


with binoculars or a telescope, here's a 


straightforward method 


Finding your way around the sky 
when you are looking through 
binoculars or a telescope can be a 
nightmare, as you are looking at a 
very small part of the sky. If you're 
searching for a particular object, a 
star cluster for example, it can seem 
nigh on impossible. But if you use a 
traditional method and are systematic 
in your approach, you'll soon discover 
you can find your targets easily and 
have fun on the way. 

Before the advent of computerised 
‘goto’ systems on telescopes, 
astronomers had to find interesting 
objects to look at the hard way. It 
didn't take them long to work out 
that by using a simple system it was 
possible to do this reliably every time. 
It's known as star hopping, literally 
hopping from one view to an adjacent 
view to track down a desired object. 
In order to use it, you'll need to get to 
grips with a couple of things and have 
some equipment to hand. 

First of all you'll need a star chart, 
preferably one which shows stars and 
objects clearly and accurately. There 
are several of these available which 
should fit the bill, or alternatively you 
may have some software from which 
you Can print star charts. You'll also 
need a red light torch so you can read 
the chart in the dark. 

You'll then need to know the field 
of view of your binoculars or the 
finder scope of your telescope. Some 
binoculars will have this written 
on them, for example ‘7° field’ or 
something similar. A telescope is 
unlikely to tell you this. To work 
out the field of view of your scope 
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or binoculars, you can divide the 
magnification into the aperture. 
Equipment with a 10x50 scope will 
give a field of view of 5°. The finder 
scope has a much larger field of 
view than your main telescope, so 
to give yourself a helping hand still 
further, always start with the lowest 
magnification eyepiece you have. This 
will give you the largest field of view 
once you have acquired your target in 
the finder scope. 

It can be helpful to create a field of 
view template to use with your star 


Determine your V, : 7 

OCR aUCa eam | ‘ 

starhopping _, ii 4 x 
f z. 


chart. You can do this with just a few 
square centimetres of clear plastic and 
by using a drawing compass and felt 
tip pen. The quick method here is to 
find a star on your chart and centre 

it as carefully as you can in the field 
of view of your binoculars or finder 
scope. Next check the stars at the edge 
of the field of view and relate them to 
the stars on your chart. Draw a circle 
on the clear plastic with the compass 
point on the star in the middle of the 
field of view. Make this wide enough 
to just encircle the stars which you 


Use the star hop technique to embark ona voyage 


to the Andromeda Galaxy 
cl 


_ 7 





bs "<2 oF ih 
can see at the edge of the field. Don't 
forget that most finder scopes invert 
the image. 

To find a target, start with a bright 
or easily recognisable star in the 
middle of the field of view. Note the 
stars at the edge of the field heading 
towards your quarry. Move the scope 
so that the stars at that edge of the 
field are now seen near the other. Keep 
heading towards your target by doing 
this until you find it. Youre likely to 
find lots of other interesting things on 
your journey. @ 
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backtrack to the pattern of stars in the ; . . . : ‘ 

previous field and try again. .* iA - ‘ : : : 
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of view. Rant ; oe — 
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the Andromeda Galaxy! _ |e, j 


Jargon Buster le . Gee ee 3 ; 


Field of ' ae | \ | . : gy ete Ee s | . 


The circular area of sky seen N i oS ce ee = el 

through your binoculars or *, , es ; ; : = Ae oe ae . 
telescope. Binoculars normally “st at a yr Me eo fr \ ae : 
have a fixed field of view. Ps \ 2p wk oe y 


t 
i 
h, ,; ty s i a 
= Ta. ae 1 
L Py , J = . i, 
5 F i L 
= Q a 1 
5 = i a, i i , 7 
_/# = = h, = ar F a I. : 
a “i, = s i i 5 
. fe i . i 4 
= n k, 


‘, # 7 i ‘, 4 
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The diameter of a telescope's fx, © * . | : | 
front lens or main mirror, ie ae ! ; ; , 
usually stated in inches or mm. 2" ‘. J ‘ . . . : ; — Pa 
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telescope or binoculars. pe ie Th « | ro. . 
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Telescop 


advil 


Whether youre just starting 

out or looking to upgrade, are | 
this month's telescopes worth 
your hard-earned cash? | ed 


We're big fans of 
Vixen's eyepieces 


VMC 110L. 


Cost: £259.95 / $420 

From: wwwvixenoptics.co.uk 
Type: Reflector 

Aperture: 110mm 

Focal Length: 1035mm 
Magnification: 247x 

The grab and go VMC (Vixen 
Maksutov-Cassegrain) 110L reflector 
telescope is not only gorgeous to 
look at, but also to look though. The 
metal scope, which still manages to 
retain an extremely lightweight feel, 
excels in portability while the dual- 
eyepiece setup and high-class optics 
ensure you'll have a great time when 
observing the cosmos. 

Setting up the telescope and using 
the tripod is a breeze. The whole 
assembly is very sturdy and easy to 
adjust, while the quality of imagery is 





very impressive for such a small scope. 


A flip mirror and a small corrector lens 
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in front of the secondary mirror help 
acquire these fantastic images of the 
night sky. 

For both near and far astronomy the 
VMC 110L is an excellent choice, with 
the quality of images retained even at 
high magnification. Viewing objects as 
near as the Moon to those as distant 
as nebulas, we found the clarity of 
both to be excellent and crisp, and it 
was never difficult to use the manual 
controls to point the telescope in the 
right direction, as mentioned earlier. 
All round we were impressed by the 
combined accessibility and quality of 
the scope. 

Also, when we said this thing was 
lightweight and portable, we weren't 
kidding. It weighs just over two 
kilograms so you'll be carrying it about 
with ease. Combined with the razor- 
sharp images and overall ease of use, 
the VMC 1101 is a great choice for any 
level of astronomer. @ 








_ Eyepieces 
The VMC 110L 
fer Tamee) RAO 
eyepieces at once, 
although these are 
sold oT 


4 
enero 
1 a. curved 
‘ lee) aer ay 
' mirror inside 
Se c-16 [0a =) 
_ diffraction 
_ effects to give 
crisper images. 


_ 







Setting up the VMC 
110L is very easy 


www.sp 










Flip 

The internal flip 
mirror allows 
you to quickly 
switch between 


observation and 
photography. 








Both the tripod © 
and telescope 
are very light, so 
you can carry the 
whole assembly 
around with ease. 


Lightweight. { | % 
t 
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Eyepieces 
Wiehe Lie 
eyepiece is supplied 

with the telescope. 









This Visionary scope uses an 
Ye PRlcoleelBenceleiars 











night sky objects. 
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| Tray 
Use the tray to store 
spare eyepieces and 
(oy dats) me=[eec= 0) 9 (=< 












This thing is pretty heavy, 
so you might struggle 
carrying it around. 


the dark. Also, while the VMC 110L 


ee 
Vision opposite might have been lightweight, 
= "a this thing is extremely heavy. The 
Mira Ceti 6 equatorial mount alone weighs more 
than the entire VMC 110L assembly. 

1400/ 150 That being said, once you get it 
Cost: £299.99 / $484 together you'll get some good views 
From: www.opticalhardware.co.uk of the cosmos. While the scope can 
Type: Reflector drift once you've got it in place the 
Aperture: 150mm slow motion controls will help you 
Focal Length: 1400mm accurately track objects. The clarity 
Magnification: 233x through the scope is generally good, 
This entry-level telescope comes with although you might find distortion 
an EQ3 equatorial mount and an around the edges of your view. 
aluminium tripod to allow you to view This scope is mainly best for 
the night sky. While the tube itself is viewing terrestrial objects such 
quite short, an extra lens built into the as Jupiter and the Moon, which 
focuser gives it a longer focal ratio. both appear clearly through your 

Unfortunately, setting up this viewfinder. Ultimately, the 1400/150 
telescope can be a bit of a chore. comes at a reasonable price and will 
There's a multitude of accessories please beginners in astronomy. Once 
including various tiny screws that are you've mastered the controls and 


quite easy to lose, so you probably setting it up you'll get some decent 
won't want to put this together in views of the night sky. @ 












The slow motion controls 
let you carefully adjust 
| the scope 
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Gravity 
Cost: £14.99 ($25) 
From: www.ducknet.co.uk 
Gravity: What Goes Up, Must Come 
Down is authored by Brian Clegg 
and is an excellent overview of the 
history of our understanding of 
gravity, from Newton to Einstein's 
Theory of General Relativity. The 
latter is especially important for space 
exploration as satellites and telescopes 
must all account for general relativity 
in order to function properly. Clegg 
takes us on a journey through the 
ages in an informative but easy-to-read 
tone and explains why gravity is so 
important in the universe, and why it 
was necessary that we understood this 
importance. Interesting and factual 
throughout, Gravity is a great book 
for those interested in the history of 
science, and it’s especially good for 
those wondering how gravity shapes 
the universe. @ 
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Celestron Handheld 

Mluminated Magnifier 
Cost: £18 ($30) 
From: wwwpicstop.co.uk 
This large magnifying glass from 
Celestron is an excellent piece of kit for 
astronomers who want to refer to sky 
charts or other books and maps while 
out observing. The main 1O8mm lens 
(with an LED light on the back) gives 
you two times magnification, while 
a smaller inset lens gives you four 
times magnification if you really need 
to get a close up view of something. 
Three LR1130 batteries are included 
and they'll last a considerable amount 
of time before needing to be replaced. 
Our only qualm was that the LED light 
was positioned a bit low below the 
magnifying glass, so it was sometimes 
tricky to get it to shine at what we 
wanted to look at, but otherwise this 
is a great product and very useful for 
when you are out at night. @ 


The Cambridge 
Photographic Moon 
Atlas 
Cost: £35 ($55) 
From: www.cambridge.org 
If you're interested in the Moon, then 
you'll definitely want to pick up The 
Cambridge Photographic Moon Atlas. 
The incredible book is your guide 
to everything lunar, from craters to 
mountains to other surface features. 
Inside is page after page of imagery 
(with textual information) from the 
lunar surface highlighting a huge 
number of features on the Moon. You'll 
explore the plains of Mare Crisium, 
learn about the Hipparchus crater and 
much more. At the start of the book 
there is also in-depth information on 
the Moon and how best to observe 
it, along with tips on how to process 
lunar imagery to get the best view 
possible. For Moon fans and observers, 
this is a must buy. @ 





Celestron C65 Mini 
Mak 5 

Cost: £82 ($130) 

From: www.hama.co.uk 


This excellent mini spotting scope 
from Celestron might be small but 

it packs a powerful punch when 
observing the cosmos. The small 
65mm long scope comes with a 
tabletop tripod to ensure you get 
steady and stable views of the night 
sky. An eyepiece is built into the scope 
affording 90 times magnification, and 
the quality of the images you can get 
through it is surprisingly good for such 
a small piece of kit. The assembly is 

a Maksutov optical design, which is 
especially good for portable scopes 
like this, and an included carrying 
case means you'll have no problems 
taking this out and about with you. 
The Celestron C65 is a perfect mini 
telescope for both terrestrial and deep 
sky astronomy alike. @ 
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A MEADE 
TELESCOPE 


In this issue's competition you can 
win an excellent portable telescope 
from Telescope House 


The new Meade ETX80 Tabletop Edition, supplied to us by Telescope House 
(www.telescopehouse.com), is a fully motorised GOTO 80mm refractor, with 
over 1,400 celestial objects in its database. The ETX80 can also be connected to a 
DSLR for photography or even remotely controlled from your PC. 


To enter, all you need to do is answer this question: 








A. 28 B. 365 C. 730 


Enter oyalhials at: spaceanswers.com/ ese eCey el Visit the website for full terms and conditions 
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New courses from September 2013 
more details available soon! ° 


Remaining courses running to August 2013 
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( tact - Mike Alexander 
Craiglemine Cottage, Glasserton, Dumfries & Galloway, DG8 8NE 
Tel: 01988 500594 

- il enquiries @gallowayastro.com 
www.gallowayastro.com 


Harrison TELESCOPES Ltd 7 


Call 01932 703605 six days 
Over 1000 stargazing products online 


Meade Skywatcher & Celestron 
_Low Prices - Special Offers - Great Service - 
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TELESCOPES, BINOCULARS, SPOTTING SCOPES, MICROSCOPES AND A WIDE RANGE OF 
CCD & DSLR CAMERAS AND ASTRO PHOTO ACCESSORIES FOR SCIENTISTS & ENTHUSIASTS 


ik ee i : j Yi 
Call 020 33 845 187 between Yam —- 80m 7 days a week. 


www .3séoastronomy.com 


Meade, Celestron 
Skywatcher, Vixen 
Baader, Coronado 


Telescope Shop 


57 Catherine Street 
Frome BA11 1DA 
01373 474763 


Telescopes, Binoculars, Accessories 


www.telescopeshop.co.uk 
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}, TEL:07772 261006 “ e@ 
WWW.TELESCOPES-GB.COM 


0800 0181544 

SHOP ONLINE 

scsastro.co.uk 

for telescopes+accessories 
OR VISIT THE STORE {f 

The Astronomy Shop 


1 TONE HILL, WELLINGTON 
SOMERSET, TA21 OAU 
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Nexstar SLT 127 iia coe Be ie 2 = 


The NexStar SLT 127 Maksutov male ium Pree ee 
Gassegrain is an affordable mid level : gee i. on 
computerised GoTo telescope, it is loaded pais tae 
with valuable design fealures. Pre | oe 
assembled, adjustable stainless steel 

tripod and quick release fork arms and 

tubes, means that the NexStar 127 SLT 

telescope can be set up in a matter of 

minutes — with no tools required! oy . aLs 
Enabling you to see details of the lunar oe eM VALE 
surface, Venus and its phases, polar caps —— = lc(iCir ACTIVITES 

on Mars, Jupiter and its four moons, c- . | 

Satum with its rings plainly visible and 

much more! The NexStar SLT127 can 

also be used as a land-based spotting 

telescope. 


Nexstar 127 SLT Goto 
£359.00 
' LOG ON to our website for 
more competitive prices on scopes 
from the world’s leading manufacturers. 


WWW.sherwoods-photo.com 
North Court, Greenhill Farm, Morton Bagot 
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NIVERSITY OF 


Engineering and the S 
hes Southampton 


Launch your career 
—asaRocket Scientist. 
MSc in Space Systems Engineering 


Considering a career in Spacecraft Design or want to 
become a Rocket Scientist? 


Our new MSc in Space Systems Engineering will provide 
you with a solid grounding for your dream career. 


Learn about all aspects of space missions, including rockets, 
spacecraft and the ground segment and understand the 
spacecraft design process, and much more on this exciting course! 


www.southampton.ac.uk/engineering/mscspacesystems 
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Sir Patri ck > 


Sir Patrick sadly passed away at the 
age of 89 in December, but his impact 
on astronomy will never be forgotten 


Sir Patrick Alfred Caldwell-Moore 

was born 4 March 1923 in Pinner, 
Middlesex, England. Throughout his 
illustrious career in astronomy he was 
a writer, a TV presenter, a researcher 
and even a cat lover. Sir Patrick passed 
away on 9 December 2012, but his 
legacy will forever be remembered. 

He was a self-proclaimed amateur 
astronomer, something he was 
extremely proud of. His 55 years 
of service on the BBC’s The Sky At 
Night was testament to his belief that 
astronomy was accessible to anyone. 
Famous names across the world of 
astronomy, from Brian May to Chris 
Lintott, have cited Sir Patrick as the 
main reason they took up the subject 
in the first place. 

Before his life as a TV presenter 
began on The Sky At Night in April 
1957, the same month the first satellite 
launched (Russia's Sputnik 1), Sir 
Patrick served in the RAF during 
World War Two. He lied about his 
age to join when he was just 16, and 
served as a navigator in Bomber 
Command from 1940 to 1945. 
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In 1943 his fiancée Lorna, a nurse, 
was killed during the Blitz in London, 
which presented Sir Patrick with a 
somewhat sombre beginning to his 
life in astronomy. Speaking to All 
About Space for an interview in issue 
4, he said: “I've lived the only life I can 
lead, on my own.” Her death meant 
he would “never marry” as he did not 
want to settle for second best. “So, I've 
gone my own way,” he continued. “I 
devoted myself to astronomy.’ 

For over half a century Sir Patrick 
was one of the most recognisable faces 
in astronomy. He presented every 
episode of The Sky At Night since 
1957 save for one, when a bout of food 
poisoning left him severely ill. The 
show had many notable moments, 
from reporting the Apollo 11 landing 
on the Moon to revealing for the first 
time the presence of rapidly spinning 
stars in the universe known as pulsars. 
With over 700 shows to his name, Sir 
Patrick holds the record for the world's 
longest-serving TV presenter. 

Sir Patrick was also known for 
his unique sense of humour and his 





OOTe 








approachable demeanour. He often 
ribbed UFO-enthusiasts, although he 
himself admitted that life probably 
did reside somewhere else in the 
universe (“There are probably races far 
more intelligent than we are”), and he 
responded to all correspondence from 
fans and children that came his way. 

Despite his illustrious career, Sir 
Patrick always remained humble, 
preferring to see himself as equal to 
others. “This book is in no way meant 
to be an autobiography, if only because 
nobody would be in the slightest 
degree interested,” Sir Patrick wrote 
at the start of TV Astronomer: Thirty 
Years of the Sky at Night, which was 
published in 1987, 

Among his notable awards he 
was made a Fellow of the Royal 
Astronomical Society and received 
a knighthood, while in 2002 he was 
presented with a British Academy of 
Film and Television Arts award by 
Apollo 11 astronaut Buzz Aldrin for 
Services to television. 

He will be remembered most, 
though, for inspiring astronomers and 
also for explaining the cosmos in such 
a way that anyone could understand. 
As Brian May, a close friend of Sir 
Patrick, said: “There will never be 
another Patrick Moore. But we were 
lucky enough to get one.” @ 
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